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THE ORIGIN OF SPECIES, 1859-1925 ° 


By HENRY FAIRFIELD OSBORN 


HON. D.SC., YALE UNIVERSITY; RESEARCH PROFESSOR OF ZOOLOGY, COLU 


Cuviertan. Cuvier n’est-il pas le plus grand 
poéte de notre siécle? Lord Byron a bien repro- 
duit par des mots quelques agitations morales; 
mais notre immortel naturaliste a reconstruit 
des mondes avec des os blanchis, a rebati, comme 
Cadmus, des cités avec des dents, a repeuplé 
mille foréts de tous les mystéres de la zoologie 
avec quelques fragments de houille, a retrouvé 
des populations de géants dans le pied d’un 
mammouth. Ces figures se dressent, grandissent 
et meublent des régions en harmonie avec leur 
statures colossales.—Honoré de Balzac: La Peau 
de Chagrin. 


Darwinian. Variation, when we observe it 
carefully, appears to be aimless. The transmis- 
sion of acquired characters is unproven, and 
must certainly be incredibly slow in most cases, 
if it does occur. We may justifiably adopt the 
working hypothesis that evolution has been due 
solely to fortuitous variation and the action of 
selection on its results. But we must remember 
that this is still only a working hypothesis. 
—J. B. 8. Haldane: ‘‘What does Darwinism 
amount to?’’ The Saturday Review, Jan. 3, 10, 
1925. 


Batesonian. The many converging lines of 
evidence point so clearly to the central fact of 
the origin of the forms of life by an evolu- 
tionary process that we are compelled to accept 
this deduction, but as to almost all the essential 
features, whether of cause or mode, by which 





1 Delivered at the opening of the new Pea- 
body Museum of Yale University, December 29, 
1925. The third of a series of addresses on the 
origin of species, the first having been ‘‘The 
Origin of Species as revealed by Vertebrate 
Paleontology’’ and the second ‘‘The Origin of 
Species, II,’’ presented to the National Acad- 
emy of Sciences, April 28, 1925, and November 
11, 1925, respectively. 


to be wh 
ceive it to be, we have to confess an ignorance 
nearly total. ... That particular a: 
bit of the theory of evolution which is « 
with the origin and nature of spe 
utterly mysterious.—William Bateson, 1921. 
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THe Law or EvoLution 

The opening of this superb museum, 
named after its original 
George Peabody, inspired by the monu- 
mental labors of Othniel Charles Marsh 
between 1851 and 1899, filled with 
Marsh’s unique collections and dedicated 
to the furtherance of research in verte- 
brate paleontology, marks an epoch in 
the development of vertebrate paleon- 
tology in America. 

Led by Thomas Jefferson, at 
naturalist and president of the United 
States, the pioneers of this historic 
branch of biology worked their way into 
the then far west of the Ohio River. Be- 
yond, across the Missouri and the Missis- 
sippi, stretched the wonderland of the 
plains and mountains, awaiting the 
founders of our science, Joseph Leidy 
(1823-91), Edward Drinker Cope (1840- 
97) and Othniel Charles Marsh (1831- 
99). These three paleontologists entered 
the broad geologic horizons exposed to the 
eye by millenniums of aridity, far sur- 
passing in richness and content any of 
the fossil horizons which in the previous 
century had made Europe the home of 
the science of paleontology, or the 


benefactor, 


once 
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Siwaliks of southern Asia as explored Fossil Horse of America,’’ to 1897-8, ; 
by the great Falconer, and only recently date of Cope’s ‘‘Syllabus of Lectures 
challenged in richness by the vast arid the Vertebrata,’’ through the ver; 
stretches of Mongolia, the latest scene of versity of the genius of these three m 
American energy and enterprise in ex- firmly established the truth of the L 
ploration. mareck-Darwin theory of evolution. 
Under the uniform environmental Thus between 1859, the date of ‘‘T) 
stimulus of our virgin Rocky Mountain Origin of Species,’’ and 1879, evo 
region nothing could be more divergent was firmly grounded as a Law of | 
than the methods and the iife work of Nature, and found its place perman 
these truly great scientists: Leidy, of the beside the Law of Gravitation of N, 
German spirit, broad, deep, unassailable ton! In view of the widespread 1 
in point of fact, the last naturalist to tance in America to accept evolutio: 
cover life from the Protozoa to Man; a law and the tendency to treat it rat 
Cope, of the Celtic spirit, eager, impetu- as a theory, let us cite Baldwin’s defi 
ous, hasty both in observation and in tion of ‘‘law’’ 
generalization, a genius in classification, Law (Lat. lez, Ger. Gesetz, Fr. Wi. It 
natural philosopher of the school of La- legge): Any formulation of sequences 
marek, voluminous writer and pamph- from demonstration, experimental proof 
leteer; Marsh, of the English spirit, a cessful application, or for any other reas 
nee : , . accepted as having the highest degree of prol 
limited writer, deliberate and calculating ji, Law is commonly sommpesed 
like Leidy, energetic in discovery and HYPOTHESIS and THEORY just in this, t 
detection of the most significant point in these latter terms carry less than the hig 
a fossil, glowing with enthusiasm for probability, and are still in waiting 
paleontology, lavish like Cope in per- femeetrtin, cra testing, or fal os 
sonal expenditure, soon surpassing both tainty, raises them to the dignity of law. 
his rivals in worldwide fame. Aided by 
Osear Harger, Marsh was the first to dis- THE SEVEN PRINCIPLES OBSERVED IN 
cover and connect up important missing ORIGIN OF SPECIES 
links in the birds, in the horses and in Not only the law but several of t! 
many other chains of vertebrate life so sybsidiary principles of evolution, w! 
eagerly sought by Darwin and his great from the time of Aristotle (389 
proponent Huxley. While eager and B, C.) had been conceived and developed 
fruitful in establishing long lines of de- jin human anatomy, in zoology and 
scent and new groupings in classification eomparative anatomy, became firml) 
Marsh concerned himself little about phi- tablished through repeated verificati 
losophy or about the causes and factors jn past and present time. These sul 
of evolution which so constantly occu- sidiary principles prove to be univers 
pied the mind of Cope. Endowed with not only in individual development a1 
Marsh’s talent for seeing and doing the experience and in racial evolution a1 
most important thing first, the Peabody progress but in the social and spiritu 
Museum, which we now rededicate, be- life of man. Baldwin thus defines t 
eame the Mecca for the evolutionists of word ‘‘principle’’ in its bearing on s 
Europe, and Yale University the most ence in general: 


famous center of vertebrate paleontology —e hie ais 

: Principle (Lat. principium, commence! 

in the world. beginning: trans. of Gr. dpxy beginning, 
Vertebrate paleontology, from 1847, thority): Ger. Princip; Fr. principe ; Ital 

the date of Leidy’s first paper on ‘‘The cipio. Scientifically, it is the law through w 
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a diversity of facts, otherwise unrelated and un- 
ex} lained, are classified and interpreted: opposed 
to datum, brute fact, or ‘‘mere’’ fact. 

Greek philosophy began with the search after 
the principle in the literal sense; that original 
reality (a) from which other things are derived, 
and (b) out of which they consist. In the sense 
a) it was implicitly or explicitly dynamic, a 
force, a causal power; in the sense (b) it was 
static, an element of subsistence. The first 
meaning led up to Aristotle’s form (eidoc) as a 
principle ; the second to his matter ( vAn)- 


Briefly, these subsidiary principles dis- 
covered and formulated in zoology as 
confirmed and amplified in paleontology 
are five in number: First, the principle 
of individual adaptation or reaction to 
changes of motion or function which in- 
variably precede changes of form, as first 
observed by Aristotle and finally con- 
firmed by the experimental observations 
of Arbuthnot Lane and Felix Regnault ; 
second, the principle of development 
through use, of degeneration through dis- 
use, of balance through unchanged or 
static function. These two principles 
were understood and expressed by 
Goethe in the pre-Lamarckian year 1784, 
when as a brilliant novitiate in human 
and comparative anatomy he was on the 
very threshold of evolution: 

Thus by the animal’s form is its manner of liv- 
ing determined ; 

Likewise the manner of life affecteth every crea- 
ture, 

Moulding its form. 


Third, the principle of Von Baer in em- 
bryology and of Hyatt in paleontology 
of aeceleration or the hurrying forward 
of characters in development and in evo- 
lution, and of retardation or the slowing 
down of characters, according to juvenile 
or adult needs in the struggle for exis- 
tence ; fourth, the principle of individual 
and racial struggle for existence and in- 
dividual and racial survival of the fit- 
test; fifth, the Lamarck-Darwin prin- 
ciple of ébranchement, of divergence, the 
adaptive radiation of Osborn, permeat- 
ing the diversity of the plant and animal 


world. These five great principles, all 
alike discovered in zoology, were con- 
firmed and ratified in paleontology as the 
principles of progression and of retro- 
gression, manifested first only in the in- 
dividual and finally in the race. They 
are the coefficients both of individual de- 
velopment and of racial evolution, or 
phylogeny, as set forth in what Osborn 
has termed tetraplasy and tetrakinesis. 

Coe ficient. 
to the same end. n. That which unites in actio1 
with something else to produce a given 


that which unites its action with t! 
another. 


a. Cooperating; acting in union 


ne, « inp 


But these five coefficients are not all the 
process, for in the nineteenth century the 
paleontologists found new fields to con- 
quer wholly beyond the vision of the zo- 
ologist ; down through the ages he alone 
became the camarade intime of evolution, 
of the secular forward and backward 
marching hosts of separate characters, 
and the new problem presented itself as 
to how these separate characters arise 
and conduct themselves. Whereas to the 
zoologist every minute mechanical part 
of every animal is still and dead, to the 
paleontologist every minute part is alive 
and moving, slowly unfolding in the orig- 
inal sense of the Latin evolvere (evo- 
lutio), just as to the vision of the em- 
bryologist individual development is an 
unfolding of the potency of the germ. 

Thus the paleontologist discovers two 
entirely new and additional principles, a 
sixth and seventh, namely, sixth, the 
principle of continuity, of continuous 
and unbroken advance or recession of 
each character from invisibility into visi- 
bility, and, seventh, closely connected 
therewith, the principle of rectigrada- 
tion, of the continuous rise of each new 
organ out of heredity, passing through 
stages of increasing mechanical perfec 
tion, then perhaps gradually subsiding 
again into the germ-plasm until it finally 
disappears. 
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These seven? principles which govern 
the origin of species in mechanica! adap- 
tation also concern genetics, for only 
through paleontology can we clarify our 
genetical vision of heredity and distin- 
guish the ripples of ‘‘saltation’’ or ‘‘mu- 
tation’’ from the waves of ‘‘evolution,’’ 
the local currents and vortices of ‘‘ varia- 
tion’’ from the rise and fall of the tide 
of great characters. The minute fossil- 
ized tissues of the ivory tusks of the mas- 
todon and the stupendous ‘‘thunder- 
saurian’’ Brontosaurus displayed in this 
museum are alike mirrors and ‘‘pheno- 
types’’ of the evolving germ-plasm out 
of which they once developed. The 
stages in the evolution of the horse, 
camel, mastodon and elephant, in the 
largest and in the minutest detail, are 
mirrors of the evolution of the germ- 
plasm. If your intellectual tastes incline 
you to observe the energy of mechanisms 
within the range of mechanical vision, 
seek them with Morgan in Drosophila, 
the fruit-fly ; if your intellectual predis- 
positions incline you to gaze into paleo- 
erystic mirrors of energy and form, ob- 
serve the details of ascent from Eohippus 
to Equus, of the rise of the Pleistocene 
mastodon of our forests from the Paleo- 
mastodon of Oligocene Africa, or the rise 
of Marsh’s giant Triceratops from the 
egg-laying Protoceratops of the Desert 
of Gobi. 


PALEONTOLOGY ADDS CREATION TO 
EVOLUTION 


Whether geneticist or paleontologist, 
you are observing the initial and the ter- 
minal phases of a continuous creative 
evolution and adaptation of the germ- 
plasm, for paleontology forces upon us 


2 This is a concise restatement of Principles 
I-IX elaborated in ‘‘The Origin of Species as 
revealed by Vertebrate Paleontology,’’ the au- 
thor’s first address on this subject, presented 
to the National Academy of Sciences April 28, 
1925. Printed in full in Nature, June 13 and 
20, 1925. 
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this new creational definition and cop. 
ception of evolution, namely, of a con. 
tinuous creative unfolding of life fiti 
to a continuously changing environment 

Is it not remarkable that ither 
through philosophy nor through specula. 
tion but through paleontologic resea: 
the original Latin word ‘‘evolution”’ | 
comes inadequate and the old Sanskrit 
word V kar reasserts itself? 


Create (Lat. creatus, make, create, akin to Gr 
Kpaivey, complete, Skt. V kar, make). 


introns. To originate; engage in originati 
action. 


Bergson’s term ‘‘creative evolution”’ 
comes nearer expressing the actual trut! 
of the biomechanical aspects of evolution 
observed throughout a half-century, | 
it contains teleologic or vitalistic implica 
tions which we do not accept. 

This new definition is made not 
please the still surviving ‘‘ 
tionists’’ but to express the two new 
principles of evolution discovered in 
paleontology, namely, the principle oi 
continuity and the principle of rec/ 
dation—the one a denial of mutation in 
biomechanical evolution, the other a de- 
nial of fortuity in biomechanical evolu- 
tion. It is the answer to Haldane (1925 
and to Bateson (1921). 


special crea- 


Historic EXPLANATIONS AND 
INTERPRETATIONS 


Before further clarifying these seven 
zoopaleontological principles let us 
glance at the historic explanations of e\ 
lution, which are as old as philosoph' 
Greek thought (640 B. C.-1600 A. | 
they are all summed up in the great 
names of Buffon, of Lamarck and 
Darwin, who were the first to formulat 
these historic explanations adumbrated 
by the ingenious Greeks. Lamarck anc 
Darwin found themselves in an intellec- 
tual world very hostile to evolutionism 
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they could not put forth the infant evo- 
lution theory without an explanation ac- 
ceptable as in some degree adequate to 
offset the contemporary creationism; 
they were alike too eager to explain and 
were over-reliant on what we now know 
to be only partial explanations. 

The essence of the rival Lamarckian 
and Darwinian theories can be distilled 
into modern economic phraseology when 
we imagine the germ-plasm as our life- 
capital, for Lamarckism, in economic 
terms, treats the germ-plasm in this 
sense. In Lamarck’s confident words: 
tout ce qui a été acquis, tracé ou changé dans 
l’organisation des individus, pendant le cours de 
leur vie, est conservé par la génération et 
transmis aux nouveaur indwidus qui proviennent 
de ceux qui ont éprouvé ces changements. 
[Italics our own. } 


In Darwin’s original and equally con- 
fident statement : 
any minute variation in structure, habits, or in- 
stincts, adapting that individual better to the 
new conditions, would tell upon its vigour and 
health. ... Those of the offspring who in- 
herited the variation would have a better chance 
of surviving. [Italics our own.] 


The germinal capital of Darwin varies 
in each individual, and the variation 
which best suits the environment is 
added to the capital of the survivor. As 
popularly worded here, these theories of 
Buffon, Lamarck and Darwin, usually 
regarded as contradictory, are really 
complementary ; they cooperate, they do 
not conflict, they are not the whole ex- 
planation but only a fraction of the ex- 
planation of animal and human progress 
in evolution. 

Yet post-Darwin seekers after explana- 
tions and causes came in great waves of 
opinion and founded schools of follow- 
ers. Darwin and_ Wallace strongly 
condemned Lamarck and _ presented 
natural selection so forcefully that it 
held full sway from 1859 to 1870; then 
Lamarckism was revived in the minds of 
Spencer, Cope and even of Darwin him- 


self, until in 1880 Weismann gave La- 
marckism in its original form a coup de 
grace and revived Darwinism in its 
purest original form. In 1890 Darwin- 
ism found a new champion in DeVries, 
but natural selection appeared under a 
new name as the ‘‘mutation theory’’; 
from 1890 to 1924 this mutation theory 
enjoyed the following of a great school 
of mutationists and, in turn, the new 
support of genetics, until Bateson, foun- 
der of the genetic school, declared that 
we know neither the cause nor the mode 
of the origin of species, and crushed the 
hopes of mutationists as well as of geneti- 
cists to give an acceptable answer to the 
age-old problem of the origin of species. 


THEORIES OF THE ORIGIN OF SPECIES RE- 
PLACED BY DISCOVERY IN 
PALEONTOLOGY 

Meanwhile some paleontologists were 
speculating while others were quietly de- 
voting themselves to gathering harvest 
after harvest of facts about the modes 
and causes of the origin 
There followed a series of 
which put new and unforeseen tests upon 
the historic theories and explanations. 

First, the principles of phylogeny, in- 
eluding the actual lines and modes of 
animal descent, which had been sought 
in vain by zoology and comparative anat- 
omy, were discovered in one family of 
mammals after another by intensive re- 
search into the minute details of change. 
Thus in Europe Depéret and Stehlin 
were ferreting out 
seending mutations’’ in the sense of 
Waagen (1869), and in America we 
were microscoping the four-million-year 
ancestry of the horses, of the rhi- 
noceroses and titanotheres, finally of the 
proboscideans, which had been broadly 
sketched in the telescopic restorations of 
Leidy, Cope and Marsh. There was re- 
vealed a minuteness of realistic detail 
which may soon be amplified by the still- 


of species. 


discoveries 


‘*ascending and de- 
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sought Tertiary ancestry of man, of 
which we know the branches and the 
twigs but not the main trunk. 

Second, as a unique result of paleon- 
tological research we perceive evolution 
as a secular phenomenon, a process of the 
ages which, measured either by geology 
or by the radium content of the rocks, is 
infinitely longer than either Lamarck or 
Darwin conceived ; Lamarckism in large 
part holds true as a cause of secular evo- 
lution, just as Darwinism holds true as a 
potent cause of secular evolution. On 
the other hand, paleontology denies ab- 
solutely the origin of species according 
to the original conceptions and literal 
interpretations of either Lamarck or 
Darwin. In claiming that all that is ac- 
quired is transmitted Lamarck was over- 
confident, as Darwin was overconfident 
in claiming that every variation, how- 
ever slight, favors the chance of sur- 
vival. 

Third, the grand result of paleontolog- 
ical research was to transfer, from the 
field of reason, imagination and specula- 
tion, to the field of direct observation the 
whole question of the modes and methods 
of evolution and the whole problem of 
the manner in which new specific adapta- 
tions originate and of the details by 
which new biomechanical species are con- 
stantly created. I refer to such biome- 
chanical adaptation as the elongated neck 
of the giraffe, the classic case cited by 
Lamarck and Darwin. 

In this and many other examples it ap- 
pears that ‘‘species’’ and ‘‘adaptations’’ 
are practically synonymous terms, as 
may be clearly seen in the history of 
these two terms, from Aristotle to Lin- 
neus. The origin of species and the 
origin of adaptations are of the same sig- 
nificance, for every ‘‘species’’ is an en- 
semble of countless adaptations in vari- 
ous stages of rise and decline. What 
Aristotle 300 B. C. called an adaptation, 
Linneus in 1758 called a species. When 
Aristotle in his ‘‘History of Animals’’ 


and in his ‘‘Physies’’ debated the nat) 
ral causes of adaptations he had in mi: 
the same structures and functions 
those which Linneus used in defining his 
species. For example, the celebrat 
‘survival of the fittest’’ passage in Aris 
totle’s ‘‘ Physies’’ 


]- 


What, then, hinders but that the p: 
Nature may also thus arise? For insta: 
the teeth should arise from necessity, the fr 
teeth sharp and adapted to divide the f 
grinders broad and adapted to breaking 
food into pieces. .. . It is argued that 
all things happened as if they were mad 
some purpose, being aptly united by 
these were preserved, but such as were 1 
made, these were lost and still perish, : 
ing to what Empedocles says concerning t 
species with human heads. . . . Nature p1 
those things which, being continually 
a certain principle contained in the 
arrive at a certain end. 


For example, again, Linneus (1758 
defines the anthropoid ape known as t 
orang: 

Simia: Dentes Primores IV, approxi: 

Laniarié solitarii, longiores 
remoti. 


Molares obtusi. 
Cauda nulla: Simiae ¢ 


To resume the bearing of paleont 
on explanation and interpretation, f: 
the very dawn of human ambitio1 
observe and interpret nature there h 
been only two broad solutions to 
problem of adaptation and of the origi 
of species: the supernatural and the 1 
ural. Aristotle adopted the natura! 
fully debated the essential idea of b 
Darwinism and Lamarckism; to Ans 
totle’s formulation of Lamarckism 
Brooks (1899) has called our attentio1 


Herbert Spencer tells us that the seg: 
tion of the backbone is the inherited effect 
fractures, caused by bending, but Aristotle 
shown (‘‘Parts of Animals,’’ I. i.) that E 


pedocles and the ancient writers err in teaching 


that the bendings to which the backbone ha 
been subjected are the cause of its jomts, 5! 
the thing to be accounted for is not the pres 


ence of joints, but the fitness of the joints for 


the needs of their possessor. [Italics our own.} 
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Since 1859 there have been hosts of 
explanations and hypotheses overworked 
by various schools of opinion. Darwin’s 
word ‘‘variation’’ has been a will-o’-the- 
wisp leading biologists into many mo- 
rasses, with its many modern mutant 
terms, ‘‘variation,’’ ‘‘selection,’’ ‘‘muta- 
tion.’’ Paleontology enables us to win- 
now out the wheat from the chaff in all 
these partial explanations of the origin 
of species, for it demonstrates that hosts 
of variations such as those set forth by 
Bateson in the year 1894 in his ‘‘Ma- 
terials for the Study of Variation’’ are 
wholly insignificant in the evolution 
process. 

In our natural tendency to follow the 
line of least resistance and to seek ex- 
planations and causes before facts, may 
we not guard the advice of Pliny as 
quoted by Fourtau: 


Pline 1’a dit, et on ne saurait trop le répéter; 
il convient d’abord de bien exprimer ce qui est, 
avant de remonter aux causes: Querere tu caw 
sas, miht abunde est si expressi quod efficitur. 
Je m’estimerais trés heureux, si, dans ce tra- 
vail, j’ai réalisé le sage précepte du naturaliste 
romain. 


The facts of paleontology throw a new 
and critical light on the relative value of 
the three historic explanations as to the 
eauses of adaptation, namely, those of 
Buffon’s direct action of environment, of 
Lamarck, and of Darwin, which alike 
turn on the question of inheritance or 
transmission of individual adaptation. 
Paleontology cuts like a two-edged sword 
on any theory of immediate action. 

First, inasmuch as marvels of origin 
are due to individual adaptation, which 
may by inheritance furnish the key to 
evolution, the idea running through the 
minds of Aristotle, Lamarck, Spencer 
and Cope is shown by paleontology to be 
illusory, for individual adaptation now 
proves to be a secular rather than imme- 
diate cause of the origin of species as 
Lamarck suggests. Even if we were to 
demonstrate the immediate, prompt and 
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entire inheritance imagined by Lamarck, 
the majority of new biomechanical adap- 
tations observed in paleontology would 
still remain wholly unaccounted for. 
Second, there is the historic idea of 
Buffon as to the inheritance of the direct 
action of new environment; it is true 
that new species, as they are observed 
by systematists, suddenly or gradually 
originate in this way, as shown by 
Crampton in Partula, because in the 
laboratories of nature the new environ- 
ment endures. The ‘“‘species’’ of the 


Same as the 


systematist is not the 
of the geneticist, but nature 


**species’”’ 
does not make this distinction. 
of field naturalists have 
proved Buffon’s principle to be very gen- 
ral among birds and mammals. Another 
host of experimentalists in America, 
England and Germany are demonstrat- 
ing the immediate origin of new species 
in le monde of chemical and 
physical experiment. So far as we see 
at present such origin of the species of 
chiefly in biochemical 
adaptations in which the germ may be 
affected permanently by a molecular or 
atomic saltation. On the contrary, from 
the secular point of view of paleontology 
the germ-plasm or ke implasma of Weis 
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mann is at once the most stable and the 
most plastic element in life; it offers 
stubborn resistance to both Lamarckian 
and Buffonian influences, 
observe day by day in nature and in the 
laboratory. 

On the affirmative side paleontology 
proves that in the long run of geologic 
or secular time both Buffon and 
Lamarck, as well as Darwin, were right 
in their main conceptions: organs 
starved by unfriendly environment 
finally disappear; organs which do not 
pay their way and are starved by disuse 
slowly drop out of the germ-plasm; 
vitally essential organs are either abso- 
lutely stable or progressive. Why not 
therefore concede the truth of the great 


such as Wwe 
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conceptions of Buffon and Lamarck, 
even if immediate inheritance by the 
germ is disproved in the great majority 
of cases? Why not concede the still 
greater conception of Darwin, misled as 
he was as to time by the marvelously 
rapid evolution of the germ-plasm wit- 
nessed in artificial selection? Whereas 
neo-Darwinians have been as impatient 
as neo-Lamarckians in looking for in- 
stantaneous results in the first or the few 
following generations, paleontology 
proves that the deferred secular action 
of natural selection is as firmly estab- 
lished as the deferred secular action of 
both the Buffon and the Lamarck fac- 
tors. Both in progressive and retrogres- 
sive organs paleontology proves that 
every organ needs the sustaining and 
standardizing power of selection as it 
acts to-day in swarms of a trillion mos- 
quitoes, in herds of a million bison, in 
flocks of a thousand ducks. 


RECTIGRADATIONS AND CONTINUITY 
AWAIT A New CONCEPTION 

But if we grant that Buffonian, 
Lamarckian and Darwinian factors were 
all true even in this secular sense, if we 
grant that the living and the lifeless en- 
vironment, the adaptation, habit and 
survival-of-the-fittest variations combine 
continuously to produce new adaptations 
and species, do we then aceount for all 
we paleontologists observe in the modes 
of origin of species in ascending and 
descending phyla of all the animals we 
have been able to study? 

We answer, ‘‘Certainly not.’’ Buffon- 
ism, Lamarckism and Darwinism com- 
bined would account for only a small 
fraction of what we observe. 

The unaccounted residue of creative 
evolution is by far the larger—is, in 
fact, infinitely the larger—part. Here 
is the critical point in modern biology 
where we pass from the rational, 7.e., all 
that is within the range of observation, 


experience and reason, to the super- 
rational, namely, to the ultimate un- 
known causes of what Lucretius ealled 
‘the firm and undeviating order,’’ when 
he quoted his master Aristotle in his 
famous refutation of Democritean forty 
ity in nature: 


Order and a firm and certain constitution or 
being are far more obvious in celestial natures 
than in us, but an uncertain, inconstant, and 
fortuitous condition is rather the property of 
the mortal race. 


This discovery of the ‘‘firm and un- 
deviating order’’ in the origin of species 
with which paleontology replaces all th 
chance explanations of adaptation from 
Empedocles to Darwin is the su- 
preme service which paleontological re- 
search renders to biology. It is into this 
new and mysterious field, into this new 
teleology that the paleontologist of the 
future may venture. Perhaps within th 
very walls of the Peabody Museum 
where adaptation is set forth so trans- 
parently by the master hand of Lull, 
some young Aristotle or Darwin maj 
find his inspiration to grasp the problem 
of the origin of species which has baffled 
man for two thousand five hundred and 
eighty-five years. 

Are we right in concluding with Bal 
zac in his brilliant éloge to Cuvier that 
paleontology comes very close to philoso- 
phy, the science of the causes and origins 
of things? Was the author of La Peau 
de Chagrin right in his prophetic visio: 
of the then infant science, the paléon- 
tologie named by Cuvier? 


Il réveille le néant sans prononcer des pa 
roles artificiellement magiques; il fouille wu 
parcelle de gypse, y apercoit une empreinte, et 
vous crie: ‘‘Voyez!’’ Soudain les marbr 
s’animalisent, la mort se vivifie, le monde 
déroule! Aprés d’innombrables dynasties 
eréatures gigantesques, aprés des races de | 
sons et des clans de mollusques, arrive enfil 


genre humain, produit dégénéré d’un type 


grandiose, brisé peut-étre par le Créateur. 
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CHANGING LEVELS OF THE GREAT LAKES 


By Professor HERMAN L. FAIRCHILD 
UNIVERSITY OF ROCHESTER 


THE present very low levels of our 
‘Unsalted Seas’’ and the effect of the 
diversion at Chicago of Lake Michigan 
water to Mississippian drdinage is of 
scientifie and economic interest to the 
public, and will remain a matter of 
lively interest and dispute until the 
hydraulic and commercial questions are 
adjudicated. A brief review of the sci- 
entific elements and of the engineering 
data is pertinent. 

The subject is one of considerable 
complexity. The natural changes in the 
height of the water surfaces involve sev- 
eral factors, in meteorology, hydrog- 
raphy, physiography and geology. And 
when we have interference with the nat- 
ural flow by changes in the outlets, and 
especially by new, artificial outlets, there 
is added the interesting element of hy- 
draulic engineering. And with these 
comes the stress of commercial rivalry 
between great cities and large sections 
of the continent. 

The charts of the United States Lake 
Survey (Detroit, Michigan) show graph- 
ically the eccentric and striking changes 
in level of the five lakes since 1860, or 
for the last sixty-five years. Beyond the 
quite regular annual fluctuation of high 
water in summer and low in winter, 
usually about one foot, there is no regu- 
larity or clear periodicity. The greater 
changes of level through several, or 
many, years are certainly due to mete- 
orologie or climatic conditions. These 
fluctuations are so variable and so un- 
like in the different lakes that it is not 
practicable to make predictions of un- 
usual changes. 

In study of the scientific data relating 
to the lake levels a single lake should 
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first be taken as an independent water- 
body or without any influence from 
tributary lakes. Lake Superior may be 
an example. The dominant factors of 
weather and land surfaces are varied 
and interrelated. Water is added to the 
lake only by precipitation, rain or snow, 
over the drainage basin. Such supply 
may be directly into the lake or indi- 
rectly by the inflowing streams. The 
whole supply varies greatly in time of 
year and from one year to another, ac- 
cording to the variable climatic condi- 
tions of our middle latitudes. To the 
extent that the precipitation is snow the 
run-off from the land awaits the uncer- 
tain melting, which may all occur in the 
spring. And this supply from the land 
drainage will also vary in time accord- 
ing to the condition of the ground. If 
the soil is receptive, like a forest area or 
a tilled surface, the water is partially 
retained for gradual release. If the 
slopes are steep and bare or the ground 
is saturated or is frozen the run-off is 
prompt. Frozen streams and ice-jams 
have an opposite effect. Moreover, these 
factors may vary in different years, or 
every year, between the several drainage 
areas of the lake, according to latitude, 
the topography or surface slopes and the 
soil characters. In the case of the Great 
Lakes the time of the winter and spring 
run-off and its volume may be very dif- 
ferent on the Canadian side of the basin 
from that on the south side. 

Removal of the water is not only by 
the visible overflow through the outlet 
but largely by the invisible evaporation. 
This is the most variable and the critical 
factor. Over the Ontario basin it is esti- 
mated that one half of the precipitation 
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is carried away by the air, as the ‘‘fly- 
off.’” This depends, of course, on the 
variable elements of the weather, as tem- 
perature, sunshine and humidity. A 
dry, warm and clear summer will rapidly 
lower the lake surface, while a cold, 
cloudy, wet and humid season will effec- 
tively inhibit evaporation. In a large 
basin, like that of any one of the Great 
Lakes, these meteorologic conditions may 
be unlike in different parts of the area, 
even during the same season. 

One element in the hydraulies of the 
single lake tends to check extremes in 
the surface levels. Higher surface of 
the lake increases the velocity of flow in 
the outlet, and the faster outflow tends 
to lower the surface level, while a low 
level of the lake has opposite effect. But 
this element is not important and is 
greatly overbalanced by other factors. 

For an independent lake with no hu- 
man interference it is evident that any 
considerable variation in the surface ele- 
vation is an effect of the complex and 
variable atmospheric conditions along 
with the characters of the land of the 
drainage area. One important factor, 
elusive and unmeasured, is evaporation. 

Now, when we have to consider a 
chain of lakes, it is evident that any lake 
is subject not only to its own variables 
but also to those of all other lakes which 
are tributary to it. The Michigan- 
Huron body has the added variant of the 
great Superior. Lake Erie feels the 
changes in the three upper and larger 
lakes. And Lake Ontario, with the 
smallest area, is subjected to the total 
net vicissitudes of all the lakes. 

As the Great Lakes collect from a 
large drainage territory, which com- 
monly has quite different weather and 
stream conditions, it appears that ex- 
cesses in some areas may be more or less 
balanced by contrary effects in other 
areas. Such moderating factor applies 
especially to Erie and Ontario. 
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Some causes of temporary, but som: 
times sudden and surprising, changes 
water level should be deseribed. Strone 
and steady winds may sweep the wate: 
from the windward to the lee side of a 
lake so as to produce great differences 
of level. In Lake Erie such differer 
is said to have been twelve feet, and 
aided by the damming effect of ice, with 
northeast winds, have left Niagara Fal! 
practically dry. Occasionally a sudder 
and decided change of water level along 
shore is puzzling and mysterious to t 
people and causes wild speculatio: 
These quick changes in calm conditio. 
are produced by passage across the lak 
of atmospheric waves of different pr 
sures. A decided low-pressure area 
whirl, cyclonic in nature and perhaps 
tornadic in intensity, may so lower t 
atmospheric pressure beneath it as 
produce a rise or bulging of the wat 
surface. The greater pressure in t 
surrounding area pushes the water 
from all sides. A barometric ‘‘low”’ 
eyclonie whirl of not uncommon int 
sity might cause a diminution of pr 
sure equal to one half inch of the me: 
eury column ; and this implies a decr 
of weight of one half million tons or 
square mile. On the shore the first 
effect is usually the mysterious wit 
drawal of the water, followed by a ‘‘s 
wave,’’ and later a succession of dying 
out waves. Such changes of level, du 
to the passage of atmospheric highs and 
lows, are called ‘‘seiches.’’ Minor flu 
tuations of this nature are frequent, and 
large lakes in middle latitudes are rare!) 
at rest for any considerable time. 

The Great Lakes are also affected b; 
the lunar tides, but these are so weak 
that they are masked by the seiches and 
wind currents. 


HwuMAN INTERFERENCE 


Thus far reference has been only 
the agencies and processes of nature 
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But these are seriously modified by 
human occupation of lands surrounding 
the lakes, resulting in deforestation, soil 
cultivation and damming of streams. 
Contrary to popular belief deforestation 
has little effect on precipitation, which 
is dependent on conditions in the higher 
atmosphere. But removal of the forest 
cover is effectively injurious by increas- 
ing the rapidity and amount of the flood 
run-off, especially on steep and bare 
slopes. Agriculture has the opposite 
effect, by producing porosity of the soil, 
thus holding back the precipitation and 
increasing the evaporation. Damming 
of streams and production of ponds or 
reservoirs has some effect in reducing 
flow into the lake, by increasing the sur- 
face for evaporation. Use of water for 
irrigation effectively reduces the inflow 
by imereasing evaporation; but this is 
negligible in the Great Lakes region. 
Extension of farming has undoubtedly 
reduced the flow of streams into the 
lakes; and the total effect of human oe- 
cupation of the basin of the Great Lakes 
has been a permanent lowering of the 
lakes. This may explain, at least in 
part, the general fal! of the lakes during 
forty years. The steady drop during 
the last six years, amounting to over two 
feet, must be blamed on the weather, as 
described below. Changes of climate 
through long periods are recognized, but 
they are much slower in effect than the 
measured changes in the lakes. 


THE GeoLogic ELEMENT 

Natural geologic processes are respon- 
sible for both the production and de- 
struction of all lakes. Ponded water, or 
lakes, is not a normal feature of natural 
drainage. Streams do not make lakes. 
Created in any manner lakes are short- 
lived and evanescent features, measured 
in geologic time. Before the Glacial 
Period, which was only yesterday, speak- 
ing geologically, there were few, if any, 
lakes in North America. There are no 


lakes to-day in the southern states out- 
side of Florida. The ox-bow lakelets in 
river floodplains are not in the same 
eategory. The scores of thousands of 
lakes and tarns in the glaciated terri- 
tory of the northern states are due to 
the blocking of stream courses by glacial 
drift. In time they must disappear, if 
nature were left alone. 

Lakes are extinguished by the down- 
cutting of their outlets and by the fill- 
ing of their basins. The latter is done 
by inwash of detritus, sand, clay and 
lime, and by vegetal growth. The oper- 
ation is usually slow but certain. We 
see some rapid work of filling in the 
many abandoned mill sites on our 
streams. 
heads of many lakes, as the Finger Lakes 
of central New York, are excellent ex- 
amples of recent lake filling, by the in- 


The extensive plains at the 


wash of the inlet streams. The Great 
Lakes, with the possible exception of 
Superior, came into recent existence as 
an effect of the work of continental gla- 
ciers. Their life has been too short, only 
scores of thousands of years, for the de 
structive processes, down-draining and 
filling, to be visible. 

One geologic force has had great 
effect on the levels of these young lakes 
The normal level of a lake is determined, 
it is evident, by the attitude or elevation 
of its point of overflow, or outlet. Since 
the lakes were formed their outlets have 
shifted in vertical relation to the basins, 
due to the tilting uplift of the glaciated 
territory. The area had been depressed 
by the weight of the ice caps, which were 
perhaps two miles in depth. With the 
removal of the weight the land has risen, 
probably recovering only a part of its 
original elevation. In the states and in 
southern Canada the land rise has been 
a slanting uplift, being on the south side 
of the doming. For example, at Roches- 
ter, New York, the post-glacial uplift is 
250 feet. On the north boundary of New 
York the rise has been 740 feet, and in 
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southern Quebec something over 1,000 
feet. 

Lake Ontario was initiated at sea level. 
It was the immediate successor of Gil- 
bert Gulf, which occupied the Ontario 
basin and was confluent with the sea 
through the Champlain-Hudson estuary. 
By the tilting rise of the land, following 
the melting of the Quebec ice sheet, the 
district of the Thousand Islands was 
raised out of water, forming a barrier 
in the St. Lawrence Valley. The water 
imprisoned behind this dam became the 
Lake Ontario, and its elevation has risen 
from zero to 246 feet by the rise of its 
outlet. Lake Ontario is the latest great 
physiographic feature in America, with 
a life history of perhaps 10,000 years. 

It is possible that Lake Superior was 
originated by a down-warping, or basin- 
ing, of the earth’s surface. But the 
other Great Lakes as we now see them 
are doubtless the indirect effect of gla- 
ciation. Their basins were portions of 
great river valleys, carved during the 
millions of years of preglacial time. The 
basins were not cut by glacial erosion 
but have been formed by accumulation 
of glacial drift in sections of the old val- 
leys; the basins being the unfilled por- 
tions. The courses of the ancient 
streams have been mostly obliterated. 
By the rise and deformation of the land 
the lake basins have been tilted and 
deepened. 

The question now arises: Are the lake 
levels now changing because of continued 
uptilting of the region? The reply is 
quite confidently in the negative. Re- 
measurement of the Lake Survey 
benches, established fifty years ago, 
shows no more change than may be at- 
tributed to settling of structures and 
errors of measurement. Any continued 
tilting uplift would raise the level of 
Ontario, because its outlet is on the 
north. This would produce flooding of 
the south shore. In less degree the same 
change would affect Erie. But north- 


ward uptilting would lower the north 
shore of Huron, while raising the south 
end of Michigan. Such changes have not 
been proven. Either the land movement 
is too slow to produce visible effects in 
nearly a century, or it has practically 
ceased in the region of lakes. 

The natural downcutting of outlets in 
hard rocks is a very slow process, and in 
the case of the Great Lakes it is a negli- 
gible factor in this study. 

It has been questioned if the recession 
of the falls of Niagara might possibly s 
enliven the flow of the rapids as to have 
some backwater effect on the level of 
Erie. This appears extremely improb- 
able. It is admitted that in the geologic 
future the recession of Niagara Falls 
may drain Lake Erie. 


CoMPARISON OF LEVELS 


Thus far our discussion has mostly 
been on the philosophy of changes in 
lake levels. Let us now apply the theory 
to the facts. 

Complaints of extremely low water in 
all the lakes have become both frequent 
and emphatic. This is confirmed by th 
gauges and published charts of the U.S 
Lake Survey. For the past six years 
there has been a steady drop in all th 
lakes, even in Superior. The older r 
ord also shows that there has been a gen 
eral average fall of two feet or over trom 
the levels of many years ago. Th 
graphs of the Survey charts give the <e- 
tails. This lowering of water surfaces 
and shallowing of depths seriously inter- 
feres with the great volume of shipping, 
and has great commercial, economic and 
international importance. 

Lake Superior, independent of the 
other lakes and unaffected by the Chi- 
cago diversion, has participated in the 
recent fall, having dropped one foot t 
600.8 feet above ocean in March of last 
year. And this drop is in spite of some 
control at the outlet. However, it was 
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as low as that in the springs of 1871 and 
1880 and was lower in 1911. 

Michigan and Huron were high in the 
summers of 1917, 1918, being up to 582 
feet, A. T., and have been dropping 
since to 578.23 feet, in January and Feb- 
ruary of last year, the lowest in their 
record. 

Erie fell in February of last year to 
its lowest record, 570.46 feet. 

Ontario dropped to 244.22 last Janu- 
ary. But it was lower in 1895-96, reach- 
ing its minimum of 243.41 feet. All the 
lakes except Superior were low in 1895- 
1896. 

The blame for the present low water 
has been placed, by many people and 
newspapers, on the diversion by the Chi- 
cago drainage and ship canal. This arti- 
ficial waterway was opened in 1900, to 
carry water of Lake Michigan, with the 
diluted city sewage, over into Mississip- 
pian drainage. The canal is designed to 


earry 10,000 cubic feet per second. The 
U. S. War Department permitted a di- 
version of 4,167 ¢.f.s. and in 1913 sought 
an injunction to prevent more than that 


amount. In 1923 the Federal Court 
granted the injunction, and on appeal 
to the U. S. Supreme Court the injune- 
tion was upheld by decision given in 
January of last year. The War Depart- 
ment is allowing time for adjustment. 
On request of the trustees of the Chi- 
cago Sanitary District a board of review, 
composed of twenty-eight eminent hy- 
draulic and sanitary engineers have re- 
ported on some phases of the complex 
problem. The board finds that the diver- 
sion for several years of about 10,000 
¢.f.s. has eaused a lowering in Michigan- 
Huron of five inches; and a reduction in 
the flow of Niagara of 5 per cent. Of 
course this is relatively a small amount 
when compared with the two to five feet 
variations of levels. However, it must 
be admitted that it is a continuous and 
constant factor in the lowering of the 


lake levels, and especially effective and 
hurtful in time of very low water, as at 
present. 

Some part of the fall in Michigan- 
Huron is attributed to the recent enlarg- 
ing of its outlet, the St. Clair River, and 
to the temporary storage in Lake 
Superior. 

There is diversion from Lake Erie by 
the Welland Canal, the Black Rock 
Canal and the N. Y. State Barge Canal. 
This, it is estimated, has lowered the lake 
four inches. But this diverted flow finds 
its way into Lake Ontario. The Chicago 
diversion is the only one that affects the 
four lakes. 


METEOROLOGIC Factor 

The annual reports of the U. S. 
Weather Bureau show that since 1919 
(report for 1924 not yet available) the 
weather was warmer than normal in all 
the states that border on the Great 
Lakes, except New York. Also that the 
precipitation was in general below nor- 
mal. The higher temperature implies 
greater evaporation. These facts appear 
sufficient to account for the acute fall of 
levels during the last six years. It may 
be expected that this low stage is not 
permanent, but will soon be followed by 
rising levels. 

The more permanent average lower 
levels of later decades, of some two feet, 
may reasonably be attributed to increas- 
ing human occupation and extended 
agriculture, which has accelerated the 
critical factor of evaporation. The 
change in the lake levels is too rapid 
even in the past fifty years to be an 
effect of any long-period and universal 
variation of world climate. 

The conclusion appears unavoidable 
that the present very low levels of the 
lakes, which is not unprecedented, are 
not due to any geologic nor physio- 
graphic change of the region, nor in any 
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considerable degree to enlarging of out- 
lets. And it may be admitted that only 
minor effect can be placed on the diver- 
sion at Chicago. The chief cause is cer- 
tainly meteorologic. It lies in some 
slight and indeterminate shifting of the 
great atmospheric currents which flow 
eastward, at high altitudes, across our 
latitude; along with erratic behavior of 
the whirls or cyclones which are respon- 
sible for our ‘‘weather.’’ 


ENGINEERING Data 

The Chicago Sanitary District is 
building an elaborate and expensive sys- 
tem of sewage disposal plants. But the 
engineering Board of Review recom- 
mends that the present diversion by the 
Chicago Canal should be permitted in 
continuity ; for three reasons: First, that 
the topographic and physical conditions 
of the city are of such character that 
without this flow the flooded streams and 
storm-water would carry part of the sew- 
age into Lake Michigan ; second, that the 
full canal is desirable for the ‘‘Gulf to 
Lakes’’ commerce; third, that with eas- 
ily constructed regulating dams at the 
outlets of the lower lakes the Chicago 
diversion will be negligible. 

The analysis by the Board of Review 
of the lowering in Michigan-Huron is 
interesting as a study in hydraulics. 
The fall of thirty-one inches is appor- 
tioned as follows: 


Excessive evaporation and subnormal 
precipitation . jiicdicnianeilibeen . 13 inches 
Increased flow by the enlarged St. 
Clair River sinisaiaeeaisiiienas 
Diversion at Chicago... uh 
Storage and retention in Lake Su- 
| an , iat 
Back-water effect by diversion and 
SS 
Chicago has offered to bear the cost of 
regulating works to control the outflow 
at Niagara and St. Lawrence, the dams 
or locks to be designed and built by the 
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U. S. Engineers. Lake Superior outlet 
has been under partial control for eig 
years. Such regulation should certain] 
be extended to all the lakes, regardless 
of diversion at Chicago or elsewhe) 
This control would conserve the his 
waters which now escape and would ; 
manently raise the levels of all the lakes 
for deeper-draft ships and safer naviga- 
tion. The dam built by Canada at 
Galop Rapids has lifted the level of On 
tario six inches. 

It is recognized that economic rivalry 
of the great cities and the conflicting in 
terests of existing and proposed routes 
of commerce are intent on control] 
publie opinion and political action. But 
it should be realized that future cor 
merce will need all the water routes t! 
are possible and that nature will suppl) 
sufficient water if it is intelligently con- 
served. 

In the issue of this journal for Decer 
ber, 1924, is a masterly and very inter 
esting article on the hydraulics of th 
Great Lakes and on their proper contr 
by the lamented Dr. John F. Hayford; 
entitled ‘‘The best use of the Great 
Lakes. ’” 


THE GLACIAL WARREN RIVER 


The path of the Chicago Drainag 
Canal has special geologic interest, be- 
cause the city has merely utilized the 
path of a great river of Glacial time. 

When the latest ice sheet was waning 
there was an episode, perhaps som 
thousand years, when much of the Great 
Lakes area was exposed to the air, but 
while the ice sheet yet blocked the tw 
lowest passes for water escape. ' 
are the eastward passes by the Mo 
and the St. Lawrence valleys. The over 
flow of the copious glacial waters \ 
then forced south by two passes, 0! 
through Ft. Wayne, Indiana, to t! 
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Wabash Valley, the other through Chi- 
eago to the Desplaines-Illinois valley. 
Both courses led to the Mississippi. At 
length the Chicago outlet robbed the Ft. 
Wayne outlet and for a long time it car- 
ried all the outflow of the Great Lakes 
area, including western and central New 
York. This great outlet river, which 
flowed through the site of Chicago, is 
called Warren River, after General G. 


K. Warren, U. S. Engineers, who reeog- 


nized the splendid channel as the work 
fa great river, without knowing its his- 
tory. Deepening this old scourway only 
a few feet permitted Lake Michigan to 
outflow again to the Mississippi. The 
glacial lake which lay in the Michigan 


Valley and was drained by the Warren 
River is called Lake Chicago. The lake 
in the Huron-Erie-Ontario area, which 
has left good beaches in New York, is 
also called Lake Warren. Its outflow 
was across the state of Michigan into 
Lake Chicago. 
New York helped to carve the low chan 
nel at Chicago and ultimately to provide 
some relief for the great city with the 
poor location. 

The Chicago glacial outlet was aban- 
doned when the receding front of the ice 
sheet permitted the imprisoned waters to 
escape eastward to the Mohawk and 
Hudson va‘leys, and later by the present 
flow through the St. Lawrence. 


So the glacial waters of 
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THE WHITE RIVER 


BADLANDS 


By WILLIAM DRUMM JOHNSTON, Jr. 


UNIVERSITY OF 


Man has retained ontogeneric memo- 
ries of his first livelihood; of a weary 
watch by the salt lick, a patient stalk up 
wind, a spring, a struggle and then the 
perfect contentment. A full stomach, I 
can not deny, was the consummation of 
his labors, but beyond such a homely 
stimulus as hunger there was something 
else—the joy of the hunt, a pure emo- 
tion, undefiled by cravings of the flesh. 

As a child, I have heard my father re- 
count his experiences in a day’s shooting, 
and wondered at the enthusiasm which 
resulted from so depressing an occupa- 


tion as spending a cramping day in a 
damp blind, to be rewarded with only a 


brace of ducks at nightfall. Later, I 
wondered at the enthusiasm of a little 
friend who succeeded in snapping the 
picture of a red-winged blackbird on its 
nest of reeds. On one of those boring 
pienics which are so dear to us, I have 
watched a painstaking search for four- 
leaf clovers drag through the afternoon, 
and with each new manifestation of zeal- 
ousness in the hunt, I met ardor with 
apathy, or, at best, with a polite interest. 
I fear that I scoffed at my hunting 
friends, and in just retribution, the hunt- 
ing instinct, which hitherto had reposed 
with proper decorum in the limbo of my 
unawakened racial memories, shook 
itself, yawned once or twice and strode 
into my consciousness. 

With a pick closely akin to those which 
are used for ice work in mountain climb- 
ing, a whisk broom of homely simplicity, 
a few pointed implements of nondescript 
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character which, to the uninitiated, migh; 
pass as a collection of carbon-cleaning 
tools, I was equipped for the pursuit 
the animals which ranged during Te: 
tiary times, some three million years ag 
over what is now the White River Bad- 
lands, in the corner where South Dakot 
Nebraska and Wyoming touch. 

Paul Christian Miller, of Walker Mn. 
seum, the University of Chicago, and | 
journeyed from Chicago to Harrison in 
a Ford car equipped with a light truck 
body, and established a base from whi 
to make our collections at the foot oi 
Pine Ridge in Sioux County, Nebraska 
at the edge of the Badlands. 

The White River Badlands, 
Mauvaises Terres of the early French- 
Canadian trappers, lie to the south of t! 
Black Hills, extending into Wyoming o1 
the west and thence east through Sioux, 
Dawes and Sheridan Counties in Ne- 
braska. To this region the name ‘‘Bad- 
lands’’ has applied, not because the coun- 
try is without economic value, for its 
grassy stretches support many ranches 
but because of the difficulty experienced 
by early travelers in traversing its laby 
rinthine gullies and unassailable slopes 
Water, too, in much of the region 1s 
alkaline and unfit for drinking purposes 

The intricacy of the erosion pattern !s 
an ever-perplexing fact. Tortuous chan- 
nels, usually dry, wind their serpentine 
course between steep ridges, and gullies 
heading in all directions add to the co 
fusion of the landscape, a picture wi! 
out vegetation save on the undissected 
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vhere each rainfall leaves its sear 

bare, varicolored walls of the non- 

nt clay. To the south Pine Ridge 

the horizon pine and 

“overed slopes, and far to the north 

blue gray distance loom the Black 
Hills. Between are the Badlands. 

Within the barren area conditions are 

the 


bsence of masking vegetation ren- 


with its 


st favorable for fossil hunter. 
s visible each bit of bone as it 


ee re 


resent Orcodon, a beast combining 


was 
nosed by the last rain is the 
characters of camel, deer and pig, 
| occasionally a fragment of Dinictis, 
the 
anotherium, the giant of 
med the plains during 
their ponderous skulls are brought 


first ot saber tooth tigre rs, 
the times, 
the Oligocene 
the surface by the unceasing exeava- 


running water. It is the ocea- 
nal rain and the melting snows which 
ke it possibl to collect a new crop of 
mes from the same area every decade, 

the fossil hunter only digs where a 


} 


of bone shows at the surface and 
sses over what he can not see. 
As with other sports, fossil hunting 
sits own technique, but, unlike many, 
fair degree of facility comes with the 
st few days of practice 
Comfortably established near a ranch 
se With our tent set up in one of the 
re groves of trees, our first chase be 
in the cool of the early morning. | 
sa novice at the sport, having passed 
first few years of fossil hunting in a 
intry of early Paleozoie rocks which 
ere deposited when the fishes were the 
ly vertebrates, long before the begin- 
ngs of mammalian life upon the earth. 
Miller, however, His 
rly years he had spent with the Amer- 
in Museum of Natural History, collect- 
ng dinosaurs at Bone Cabin quarry in 
Wyoming, a classic hunting ground so 
named beeause a shepherd’s eabin whose 


Was a veteran. 


valls were built of massive dinosaur ver- 
tebrae first attracted the attention of 
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723 
paleontologists to the wealth o SSIL 


} 


terial in the surrounding slopes: he had 
searched the Brida r Basin In W yom hg 


for remains o1 


Kocent rl a , and Tol 


many vears he had roa ls aes 


ot northwestern Texas in company wit 
the late Dr. Samuel W. Williston 
Permian 
Walker Museum thx 


the richest collection of early 


quest of the fossils whicl 


made reposit 
amp 
Wit 


fundamentals of foss 


and reptiles in the world 
tutelage, the 
ing were easily mastered 

The ranch at which we were « 
nestled under the protection o 
Ridge and was enclosed upon three 
by the 


sport was characteristic of many day 


Badlands. Our first morn 


follow. With pack sacks slung ove 
shoulders and picks in hand, we 
dered through the maze of gullies, st 
ping here and there to prod 


ot bone peeking throug 


ravine wall. Usually 
bit of rib, or a fragment 
partly replaced by 

the pe reolation of grou 
the clay, but seldom 
the extent of be 
blows with the pick sufficed 
the fragment was useless 
on to where the next 


} 
Passe i] 


So the morning 
It was late that afternoon 


Miller 


to examine a patch o hite, barely 


made our first find 
ing through the cover of greenis 
[ watehed him prod about it wit 
Littl by little he 


and 


4 


trowel. dug 


away, with each trowelful 


whitish area increased In a few 


utes he had exposed enough to be 
tell me what he had 
a Titanothere, a 
phantine proportions which disappeared 
When the 


last of the clay eover had been dug away 


found. t he pe Ivis 7 
mammal of almost ele 


} 


from the earth long 


aves aAYvO 
ax ax 


clean and 


Miller the 
marked the spot with a piece of 


bone S 


brushed 


news 
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FOSSIL HUNTING 
weighted down with a stone on the 
ridge. Later, when we would bi 

r collecting, we could find our pros 

by searching the ridges for markers. 
During the next few days our finds 
ted apace. Miller had an uncanny 
for seeing each bit of bone and for 
eeoponizing those which were worth in 
stigating, while I, at first, passed over 
me after bone, only to have them 
rought to my attention with good 
mmored raillery over the blindness ot 

e city-bred. Before the first week had 
assed, however, my Observation was 
more acute, and, when early in the see 
md week, I found our first skull of 
Dinictis, one of the early saber-tooth 
tigers, 1 preached my prowess as a fossil 
unter from the hilltops. 

By the middle of the second week, we 

id staked claim to several dozen skulls 
nd a goodly assortment of skeletal r 
mains of a great variety of beasts 
Leptomeryx, the diminutive deer; Meso 
hippus, one of the three-toed horses, and 
Hyracodon, a miember of the rhinoceros 

mily. Then collecting began in ear- 
est. Armed with a bucket of sour flour 
vaste, thin shellae and strips of burlap, 
ve sought the bones which we had pre 
viously marked. 

Among our first finds was a Titano- 
there skull, a massive affair, the size and 
ipproximate shape of a Texas saddle. It 
vas upright in the clay, with only the top 
exposed just as Miller had cleaned 
iround it on our prospecting trip. The 
task ahead was to remove the skull from 

e ground without breaking it and to 
prepare it for safe shipment to the Uni 
versity of Chicago. First we carefully 
brushed away the clay to expose the out 
line of the bones, and then we dug a 
trench around it. As the trench deep 
ened the elay fell away from the sides 

the skull rested on a pedestal ex 
tending up from the bottom of the hole. 
The skull had been in the same position 
n the ground for several million years, 
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rotted away ages 

material, somew 

remained Exten 

were Innumerabl acks along 
skull would fracture, breaking 
unless ¢ 


hundred pieces 


pared, In orde. » Strengthen 


eement 


material and to parth 
together, Miller a ! severa 


very thin shellac which dried 

Then overlapping strips of burlap 1 

had been dipped in sour flour past: 
plaste red over the top and sides 

skull. We visited other prospects ni 
by, and on returning to our Titanothe 
we found that the few hours’ exposur 
to the intense Badlands sunshine 
dried the pasted strips into a rigid shell 
Our excavating had left the bone resting 
upon a pillar within a hole some thre« 
feet across. It was a matter of a few 
minutes, then, to cut through the sup 
porting clay and to lift the skull to t 
ground, bottom or unpasted side u 

few coats of shellac, and more past 
saturated burlap completely eneased our 
find, and after drying, it was ready to bi 
transported to camp 

The size of the bone of the massive 
Titanothere mad transportation a prob 
lem worthy of much cogitatior Ou 
Ford truck could traverse roads which 
were legends rather than actualities, but 
it was Incapable of sealing forty degree 
slopes, or straddling knife-like ridges 
But as the pyramids were made by man 
power, so was our skull transported to 
the figurative road where we had left our 
truck. 

Several days of shellacing and past 
ing followed, and then we again roamed 
the gully slopes in search of fresh finds 
Often we separated in the morning, each 
hunting the hillsides for his ancient 
game, and at night, after clearing up out 
supper dishes we exchanged our day's 


adventure Most evenings we returned 
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ANOTHER 


with pockets loaded with teeth, portions 
of jaws of the little water deer and odd 


vertebrae. And as we swapped stories 
we spread out the day’s finds in corrobo- 
ration. One evening Miller came in later 
than usual. I had returned to camp an 
hour before sundown with a young cot- 
tontail which was soon sizzling merrily 
in the frying pan. Now Miller is one of 
the most appreciative men that I know 
in the matters of culinary import, so 
when he passed my frying pan without 
comment, and began to empty his pockets 
I suspected that something of unusual 
interest had found its way into his day’s 
acquisitions. At last, from the bottom 
of his bag he pulled out an egg. It was 
not a contemporary egg, or even one of 
those old ones of unpleasant repute, but 
it harkened back to the days when our 
Badlands were grassy plains with pleas- 


TITANOTHERIUM 


SKULL 

ant and shady lakes. 
manner of bird had laid 
probability remain shrouded in 


streams 
it will 
tainty, but the egg, the size and 
of its barnyard successor, had w 
the load of sediments piled upon 
following petrifaction, had come t 
some three million years after its 
sition in the nest. 

Upon one of our rambles, when \ 
strayed far from the home ran 
climbed out of a gully which hea 
the stoop of a little cabin. It 
shrinking sort of home, unthatelh« 
weatherbeaten, the home of two 
lors ard their maiden sister, all wel 
middle age, who found life’s nec 
in an unceasing struggle to mak 
little ranch support a diminishing 
It was a disheartening struggle, f 
by year the Badlands had drawn 
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and 
insufficient 


it their acres eut deep r and 

into their 
So much we heard later. 

is we emerged from the gulley, at its 
very head, within a few yards of the 
doorway, Miller dropped to his knees and 
hegan to dig in the manner that I had 
eome to recognize as indicative of an un- 
find. <A well-placed prods 
with his awl confirmed 
here, just showing through the clay, was 
a cat skull, arches intact, the jaw 
place—a gem which would well reward 


er pasture 


usual few 


his surmise 
in 


a field season’s searching. 

We had barely begun our preparations 
for collecting our find when the elder 
rancher joined us. He was courteously 
firm in his refusal to permit us to collect 
the skull; to do so, he explained, would 
in defiance scriptural 
These bones were man’s proof of the 


be of teaching. 
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Mosaic flood idence that 
disputed, 
be 


christian attempt to destroy the evidence 


eould hot he 
and 
interpreted as 


their removal could only 


an unethical and un 
of the flood in order that such hereties as 


we would no longer be confronted by ma 


terial proot of the literal exactness of the 
Old Testament 


planation of our ejection from his prop 


So much he gave in ex 


erty. We retreated with as much dignity 
as the situation permitted, scoffing a bit 
at the old but 
pressed by and respecting the sincerity 


man’s argument, im 
and eonviction of his beliefs 

I tell what followed with a least bit of 
shame, not at our success in securing the 
skull, but at the 
cured it. 

Wi spent the next two days watching 


way 1n which we s¢ 


the eabin from a neighboring hill, and at 
last saw the three old people climb into 
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uekboard and disappear into the 
m on the road to town. Two hours 
the eat skull was in Miller’s bag 
we were exercising our paleonto 
il technique in planting the skull of 
Oreodon, a dozen of which could be 
d in an ordinary morning's collect 
in the exact position, a hundred feet 
m the eabin door, from which we had 


NIGHT WE SMOKED 


plundered the first skull. That the eat 
should have been collected for the uni 
versity does not seem to me to be worth 
debating; that we resorted to stealth to 
take it seems justifiable under the cir 
cumstances; but that we should have de 
liberately planted an Oreodon in its 
place is an act for which I have many 
times since felt just a bit ashamed of my 
self. But, after all, the old people will 
never know the villanies to which fossil 
hunters will descend. 

One of our best skulls was aequired 
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through barte? rt 


a pertect sk ill ot one o 


Some one at Han 
about two teet 

by a rane al 
Without consult 
see What manne 
had found 


serted as | 





AND SWAPPED STORIES 


restlessly in the corral 
sign of human activity 

the porch, propped 

wall, was the skull that 
from Harrison It was not 
if 


" ; 
S Del 


rumor had made it, but 
was beyond anything that we had so 
come across Long snout with tusks 
cranium complete, both arches present 
it was a thing of beauty. Now I cor 
sider myself possessed with normal ri 
spect for the eighth commandment | 


der ordinary circumstances I would rv 
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d theft with reprehension. At that 
ment, however, I had considered the 
bability that the rancher might not 
fit to allow me to take the skull away, 
d I was walking out of the gate with 
prize under my arm. Then I met the 
My explanation 
was probably a bit 


rancher. I’ve forgot- 
ten what it 
weak, but in a country where doors ar 
never locked, honesty is assumed in all 

I admired the skull. I praised it. 
[ might even have rhapSodized over it, 
but my best enthusiasm failed to suggest 
to him that his gracious gesture would 
have been to have presented me with it. 
Finally I asked him for it. He was unre- 
sponsive. It seemed that he valued that 
particular skull as the biggest that he 
had ever found. Folks came to see it. 
and in sparsely peopled countries that 
which draws visitors is prized by all men. 
Flatly, he refused to part with it. 

To hide my disappointment in a grace- 
ful manner, I lit a cigarette, and being 
resentful I did not offer one to him. As 
we talked crops and weather by way of 


was 


parting I began to recognize delicate sug- 
gestions that a cigarette would be appre- 
ciated. Being still resentful I 
the hint. At last he confessed being out 
of tobacco, and being unable to drive to 
town that day. 

[ said, ‘‘ There is a carton of cigarettes 
in my bag. You have a skull. Let’s 
We swapped, and the skull, 
duly mounted, 
Walker Museum. 

At the end of five weeks the time when 
the funds which the university had ap- 
propriated for our expedition would be 
exhausted was uncomfortably near. We 
had accumulated a half ton of fossil 
bones, representing a score of animal 
species, all carefully boxed for the jour- 
ney to Chieago. Our finds had been as- 
sembled in our camp at the foot of Pine 
Ridge, eighteen miles away and several 
hundred feet below the railway at Harri- 
son upon the upland to the south. The 


ignored 


That was my chance. 


swap.”’ 


reposes In a case 1 
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road to town 


course up a miniati 


ally reerossing the stream bed 


found on our trip to 
that the rapidly 
not 
found that three e; 
ministered periodically to the rad 


town for 1 
ascend iY 
be taken in ‘‘high.’’ W 


inteens ol 


our truck would prevent our be 
taken for a traveling geyser 
There followed two days of har 
Our truck, loaded to capacity wit! 
erates of bones, crawled 
trail to the 
charged its cargo and returned fot 


and 
canyon freight depot. dis 
more 
relief from 


It was with a feeling ol 


oppressive responsibility that we 
watched our precious bones being loaded 
into the freight car. The boxes might bé 
torn board from board on the trip home 
but it would be the will of Allah and 
beyond our help. 

There remained a visit to the ranch of 
Captain Cook and his Agate 
Springs fossil quarry. Perhaps pilgrim 


James 


age would better express the spirit in 
which we drove south from Harrison, for 
Captain Cook was the beloved friend ot 


eountry. 


fossil hunters throughout the 
Miller told me about the 
Springs quarry as we drove along 
the ecaptain’s son, Harold J. Cook 
homesteaded the fossil hill in ordet 
the 
world might be free to collect its ‘eas 


museums and universities of 


ures and that no single institution could 


control their distribution. How Captain 


Cook, after an adventurous youth in 


which ranching and Indian fighting 
alternated, settled at 
the Niobrara River, in Sioux County, 
Nebraska, and the 
friend and trusted adviser of Red Cloud 
and pre 


served peace between the Sioux and the 


the headwaters of 


became respected 


his chiefs. How his counsel 
early settlers, and how in his maturity 
his unfailing interest in the world about 
him had led to the discovery of the 
Agate quarry. Miller 


Springs fossil 
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| of Captain Cook's friendship with 
Marsh, ot Yale, one ot 

students of 


otessor \. ( 


erica Ss great ancient 
mmalian life, and later with Barbour, 
Osborn and Matthew. It was a story ot 
keenest fascination, and I again ex 
rienced the joy of the adventure as | 
1d Captain Cook’s autobiography. 
With th exception of the 
upon Pine had not 


for over a month 


serub 
nifers Ridge we 
seen a tree I was not 
pre pared tor the park spread out be low 
is as we stopped at the edges of the val 
Niobrara River had eut in 


For miles we 


lev which the 
e undulating uplands. 
ad been driving through a 


Ssage-green 


landseape in which dryness was the 
dominant note, and then, at the deseent 
to the river, we saw trees, scores of them, 
and in the center of the grove the homi 
est of ranch houses. Years ago Captain 
Cook had planted the grove, and with 
unceasing love he had watered it ; indeed 
brought 


a miniature irrigation 


moisture to the roots of every tree, and 


svstem 


now, in justification of the care lavished 


upon it, here was a paradise in thi 
desert. 

We crossed the bridge and drew up 
the ranch house. It 
Miller’s first visit, for in vears past col 


had Agate 


Captain Cook greeted us with 


before was not 


leeting brought him to 
Springs. 
the hospitality traditional of the west, 
but which is retreating even there before 
industry ’s smug self-sufficiency. We 
were shown over the grounds and came 
Harold museum 
He, the captain’s son, was a 
the early 
were made. His imagination, fired by 
the relics of ancient life which the rocks 


to rest in Cook’s and 
workshop. 
boy when 


fossil diseov eries 


yielded, spurred him to seek knowledge 
of that early life and when, in later 
vears, after his studies at the University 
of Nebraska and at Columbia, he re 
turned to the business of ranching his 

1‘*Fifty Years on the Old 
James H. Cook: Yale University 


Frontier,’’ by 


Press, 1923. 
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researches n tine local 
vielded a museum of mor 


interest 


quarry, 
two ort 

Matth 
Americal 


listors ocecUul 


were 1n 
Thomson, of t 
Natural 


stead eabin and camped 


parties from the univers 
and Kansas. Commun 


the best tormula or 
our brother coll 
stories of OSS 

days OL tie 2 
Indians stil 
‘bug-hunter’’ 
pioneer 


; 


moments ol] I 


Our 


keenes 


Come unbidden and unplanned 


times of unalloved contentment 


; 


we forget the humdrum monoto1 


everyday life and are keyed 
ception ot all that is exotic 

when the glamor of adventurs 
unadventurous and we rid 

inhibitions of 


over our 


never consciously induced, but nr 
ways byproducts of one’s surrounding 
the unex pected moment 

vanishing at the 
Later 


about the fir liste ning to Vari S ol 


coming at 
recoenition oT 
that as we Snt 


mood. realized 


fossil 


eorners oO 1 e eartn 


collecting at the lar 


1 had slipped into that realm of enviable 


irrationality, where the stories of mild 


adventure donned a glamor which can 
never be set down. It was early morn 


ing before the last reminiscences were 
and I had drifted 
everyday. Indeed I 


a residual vision of 


over, back inte 


must have 
dom into which | 


dreams of curious creatures 


mundane appeared during 
remaining hours of darkness. 
Morning brought back the 


Three hills 


asp ct 


familiar 


world eonieal stood out 
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upon the valley flat. That nearest us, and then the whole mass imbedd 

University Hill, contained the long her- sandstone plaster. 

alded Agate Springs fossil quarry. Two such slabs were in the proces 
After breakfast we ascended the slope to being removed as we reached the qu: 
the quarry where the parties from the [ wanted a picture of the collecto 
universities of Michigan and Kansas Work, and so I climbed to a nearby 
were already at work, removing great 0¢k and set up my tripod. Just as | 
blocks trom the floor, for here the fossil thrown the focusing cloth over my 

remains were in such numbers that their L ai a sound ‘mag bag be 
removal from the rock could best be /#™ar in my weeks in the Badl: 
' It was akin to the noise which s 
done in the home laboratory. How such ar 
' katydids make by seraping their sy 
a jumbling of skeletons of the rhinoceros, : ; Ra. : 
" ; studded jumping legs against the 
Diceratherium, could have occurred is : 
: ’ ‘ coverts, and vet 1t was not a kato 
one of nature’s jealously guarded 


s : ‘ a Soon a similar sound reinforced 
secrets. If one imagines a swirling river Gret. By that time I was several 


rushing across a grass-covered plain, and awav from the spot and ealling ov: 
then, in his mind’s eye, watches a great the quarry for a pick. When the st 


ti? 
tu 


rhinoceros herd struggling to ford its on which my tripod rested was 
treacherous bed, sees them falling one by over, two very angry rattlesnakes hu 
one in the struggle to breast the current, defiance to an unfriendly audience. 
and swept away into an eddy down the’ the American Museum party was col 
stream, there to swirl around and around — ing for shipment to the Bronx menag 
until the meat has rotted from the bones, such rattlesnakes as were incident 
and skeleton after skeleton has dropped the business of bone-hunting, we s 
to the river’s bed, he has as adequate a ceeded in roping the rattlers w 
conception of the secret of the great bone noose, and with Miller at one end o 
accumulation as have the paleontologists rope, I very uncomfortably at the ot 
who unearthed the storehouse. and the two snakes dangling in the 

[ remembered a slab from the quarry’ dle, our procession descended upo1 
floor which Miller had collected in a cabin where the new eaptives ji 
previous year. He had removed a block some half dozen of their fellows 
some three by five feet in size by cutting sugar barrel 
a channel around it and then undercut- The day following found our 
ting the boarded up slab. In his labora- stored at Harrison for the next field s 
tory he had chiseled away the sandstone, son, and Miller and me uncomfortab 
leaving the bones which he exposed the habiliments prescribed for travel 
standing in relief against the matrix. We were going to different parts ot 
They were jumbled as though a dozen country, and as Miller’s train bega 
disarticulate skeletons had been heaped move he called back to me, ‘‘ Bill, 
together—skulls, vertebrae and digits, almost made a paleontologist.’’ 
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WINTER’S MUSIC 


By Dr. W. J. HUMPHREYS 


WEATHER BURI 


SoNG OF THE Four-Horsk WaAGoN 


Dip you ever hear the happy, cheery 


g ot the four horse wagon! li you 


did, you have not forgotten it, and 
When the air is still 


and very cold, the creak and ery ol the 


u never wW ill 


erumbling snow and the high-pitched 


notes of the passing wheels make sweet 


the fond 


musie that in later life 


arouses 


est memories of home and _ childhood 
As children we were not always eon 
tent just to listen and wonder, however 
sweet the sounds, but sometimes asked 
ur elders: What 

ng?’’ If they told us the snow did it, 
we, child-like 


ow. Then the subject was changed, and 


makes the wagon 


and scientist-like, asked 
few of us to this day know how the snow 
makes the wagon sing. 


It doesn’t When th 
temperature is only a little below freezing 


always sing. 


the snow merely packs to streaks of ice 
and the They 
find their voices, high-pitched and clear 
as a bell, only when it is so cold that the 
snow will not cohere, and their course 
herefore is no longer marked by ribbons 
but by 


powdered crystals. 


rolling wheels are dumb 


of ice, paths of erumbled and 
This, 
key to the explanation we want. 


then, is the 
When 
the conditions are just right for the fine 
old sport of snowballing the crystals par- 
tially melt under the pressure of the 
wheels and flow together without slip or 
jar, just as they mould to balls under the 
squeeze of the hands, only to refreeze, 

1 Broadeast from Station WCAP, Washing- 
ton, D. C., under the auspices of the National 


Research Council and Science Service and the 


irection of Mr. W. E. Tisdale. 


AU, WAS 


now in a 
passes on 


When, howeve 
} 


qaoes not 


melt 
vlass be nea 


ing wheels 


slip and readjustme 


Snow no only jars 1 ( 
does unde r oul boots. but also nda rectly 


simultaneous 


through the 


quent tremors of the wheels 


parts of the wagon. But here o 


edge, at any rate my knowledge, 


ter S musie al 


fine example of wn 
Does The 


’ 
Snow piav oniyv tT 


I 


rosin in the ease ot the 


ends. 


of the fiddle 
different not 


the bow, imparting 


different wheels, but always t 


note to 


any riven 


wheel W 
speed or load ; ( 
do big wher 


wheels and wheels. 


note, a note dependent on 


Same 
herent prope rty ot the 


else?) What an opportunity 


Interest 


SNOW al 
whole series of most 
tigations! 
THe Hum or tHe TELEGRAPH WIR! 
Another question many a bright child 
asks without, as a rule, 
factory answer 1s ‘Whi 
hum?’’ If you tell , al 
truthfully, that it is the 
back at onee with 


‘““Why?’’ And 


surely is, if we may judg 


wires 


W ind. ne comes 


tavorite poser, 


in Ti “ase a posel if 


from the vari 


ety of silly answers that seriously have 


been given to it However, experiment 
has gone a long way, though not yet all 


the way, towards furnishing the correct 


answer. 
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If we fasten a light strip of cloth to 


the side of a slender pole when a stiff 


breeze is blowing, we will see that it does 
not stand out straight and quiet, but 
waves and flutters. And the same thing 
occurs, as long as we can follow up the 
experiment, with change of diameter of 
rod and size of flag. Finally, smoke par- 
ticles show that even the passing stream 
of air itself flutters in the same general 
manner, with a frequency that increases 
with the strength of the wind and with 
decrease in diameter 
rod. There is, then, a fluttering eddy of 
air attached to every W ire exposed to the 


of the obstructing 


wind—a fluttering generally fast enough 
in even very moderate winds, to make a 
This fluttering, in turn, 


produces slight variations of the same 


musical note. 


period in the pull on the wire, henee in 
the tug on the supporting poles, which 
sounding boards, in- 


therefore become 


creasing the volume but not the piteh of 


the hum. Of course telegraph wires, and 
others too, sing in all seasons, but as they 
sing loudest when the wind is brisk and 
transmit stronger tugs on the poles when 
tightly stretched, as they are when con- 
tracted by cold, their song too is, in the 
main, a joy of frosty weather. 

It would be pertinent to ask here why 
the stream of air around a wire in a wind 
regularly as to 
musical sound, or, indeed, flutters at all, 
but the answer to that question even in 


flutters so ereate a 


its present imperfect stage, can only be 
given in pages of mathematical equations 

the most concise, as written, and ele- 
gant of all languages, but wholly un- 
speakable. 

Tue DirGe or THE LONE PINE TREE 

When the mood is right, and no one 
near to distract, there is a peculiar plea- 
sure in listening, on a windy winter 
night, to the dirge of a lone pine tree, 
as it ceaselessly wails in deepest sym- 
pathy for whatever loss your own mem- 
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ory may recall or taney suggest 
when the spell is broken you m 
yourself, ‘*How does the old pn 
get its sighing and wailing voice ? 
answer now is easy. Every on 
myriad needles produces a little 

ing eddy in the wind that blows ac 
just as the telegraph wire does, ; 

fast enough to n 


The 


vibration is 


musical tone. volee ot 


needle usually is faint beyond t 


ception ot the most deheate ear, bh 


as a swarm ot bees produces a ert 
ine noise where the individual be 
not be heard, so too the voices oi 
lion pine needles blend into 
wailing dirge. 
Other 
rustles in the 


trees have volees_ to 
summer when thei 
are on, but coarse and indistinet 
bles in the winter time, caused 


eddying winds about their tw 
coarser and less distinet voice th: 
of the pine, because the twigs ar 
than the needles and more irregu 
Nevertheless, the 


of a forest of trees of any kind, 


size. winter m 
wind rushes through them, is a pl 
sound to hear, unless indeed we 
storm such m 


much the coming 


often foretells. 


WINI 


One of the oreatest pleasures ol 


THe HOWLING OF THI 


winter's night is listening to the | 
of the wind as it sweeps past the 
neys and over the gables. Most ot 
content just to let it howl—to ‘‘t 
good the gods provide,’’ and ask 1 
tions, but a few are curious to kn« 
the blustering wind gets all its vo 
indeed, any voice, but our curios 
never been fully satisfied. We ha 
learned that too, the 
eaused by an endless succession 0 
produced in the wind by the ol 
over which it is blowing: but th 
story we do not yet know. 


soul 


here, 
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BooMING oF LAKES 

In any cold lake region a familiar 
winter sound is the occasional boom 
heard far and near as, under the strain 
induced by a great difference in tempera- 
ture between its upper and under sur- 
faces, and in other ways, a thick sheet of 
ice snaps and tears in long cracks and 
rifts. 

THE BuRSTING OF TREES 

During an intensely cold wave one 
may hear in a forest an occasional 
‘pistol shot’? where there is no pistol, 
and none to shoot it. It is only the outer 
shell of a tree splitting under the great 
strain caused by its cooling faster and 
therefore shrinking faster than the inner 
wood. This is not a frequent note in the 
winter’s music, but it may be very im- 
pressive, or, indeed, startling, if one hap- 
pens to hear it while alone in a forest on 
a dark night. 


THe CRACKING OF JOISTS AND 
RAFTERS 


A good thing to keep one awake in the 
wee hours of a bitterly cold night is the 
snap, snap, bang, of the joists, rafters 
and other portions of an exposed coun- 
try house, as the tug of the cold jerks 
their joints into new adjustments. We 
listen for the next bang, wondering when 
it will come, then the next, and the next 
—sometimes enjoying it, but more often, 
perhaps, wishing we could go to sleep. 


Tue RATTLE or THE SLEET 


When the temperature is only a few 
degrees below freezing, and a storm is 
gathering, there occasionally comes a 
faint tick on the window, as of a grain 
of rice thrown against it, followed soon 
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by another, and that by still others, 
faster and faster, until there is a continu- 
ous rattle, varying in volume with every 
gust and eddy of the wind. This is the 
rattle of the sleet, a sound peculiar, of 
course, to the winter, and disagreeable 
or pleasant owing, partly, to whether we 
have to go out in the storm, or may stay 
indoors, snug and dry, where the artifi- 
cial weather is gentle and balmy. 

THE PTH, PTH, OF THE 

GLOWING Fire 

When a big wood fire, one of the finest 
pleasures of a winter in the country, is 
well burned down and there is a great 
bed of glowing coals in the ashes, we 
often hear a muffled popping, pth, pth, 
somewhere in the fire, but exactly where 
we can not be sure. On such occasions 
our grand-dads used to say: ‘‘It is going 
to snow,’’ and very often they were 
right, because on so raw a day as that 
which usually just precedes a snow one 
is apt to have a good big fire. Some said: 
‘‘The fire is spitting snow.’’ Others, 
more elegantly, but less accurately de- 
seriptive, said: ‘‘The fire is treading 
snow.’’ 

These faint but fascinating sounds are, 
apparently, owing to little explosions of 
combustible gases coming up from hot 
bits of wood, charcoal and glowing em- 
bers more or less buried in the ashes. 

There are, of course, various other in- 
teresting bits of winter’s music, but we 
well may end with the pth, pth, of the 
fire, since it so often is heard as the eve- 
ning is wearing on and the last fire of 
the day is dying down. Indeed in a very 
real sense it is winter’s lullaby, or good- 
night song, for under its spell we do 
grow drowsy and nod. 
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OTHER UNIVERSES 


By JAMES STOKLEY 


SCIENCE SERVICE, WASHINGTON, D. C. 


WE do not know when man first began 
to study the stars, but among the records 
of many early peoples we find that 
astronomy had already become a well- 
developed science. To the ancient Greek 
philosophers the relation of the earth and 
the celestial bodies that they saw in the 
heavens was a major problem. One 
hypothesis, attributed to Eudoxus, who 
lived in the fourth century, B.C., held 
sway for over fifteen hundred years. 
Known as the Ptolemaic theory, after 
Ptolemy, the Egyptian astronomer who 
wrote of it in his great work, the ‘‘ Alma- 
gest,’’ this stated that the earth was at 
the center of the universe and that the 
planets and fixed stars revolved around 
it. 

But, long as it held, man and the 
earth were finally deposed from this im- 
portant position and the Ptolemaic 
theory was superseded by that of Coper- 
nicus, which placed the sun at the center 
and made the earth but one of a family 
of planets that revolve around it. How- 
ever, so far as Copernicus was concerned, 
the sun was actually the center of the 
universe and the stars were fixed on an 
infinitely distant sphere. With the in- 
vention of the telescope, in 1610, and its 
use in observing the stars, first by Gali- 
leo, and then by many others, it became 
apparent that the sun was a star, and, 
conversely, that the stars we see in the 
night sky were suns, but so far away 
that they appear as mere points of light. 
It is difficult to comprehend the dis- 
tances of these orbs, so suppose I were 
to make a model to scale. In my hand 
I have a ball an inch in diameter repre- 
senting the sun; a dot a hundredth of an 
inch in diameter and nine feet away rep- 
resents the earth, but Alpha Centauri, 
the nearest star, is in Columbus, Ohio, 


330 miles from Washington! Actually 
the sun is 865,000 miles in diameter, and 
the stars are so far away that astrono- 
mers can not use miles to express their 
distances. Instead, they employ t! 
‘*light year,’’ equal to about six trillion 
miles, or the distance that a beam of 
light, travelling 186,000 miles in a see. 
ond, as fast as the radio waves that 
carry my voice to you, would go in a 
year. Alpha Centauri is a little over 
four light years away, Sirius, the Dog 
Star, about seven and a half, while the 
distances of most of the stars are mea- 
sured in hundreds, or even thousands, o! 
light years. 

Distant as the sun’s neighbors ar 
with it they form a system, or univers 
of stars, which, as the English astrono- 
mer, Sir William Herschel, 
about a century ago, is approximately 
the shape of a watch or a grindstone. 
The sun is not far from the center and 
as we look towards the edge of the grind- 
stone we see such a vast swarm of stars 
so closely packed together that to th 
unaided eye they appear as a continuous 
area of light, which we call the ‘‘ Milk 
Way,’’ but in other directions the stars 
are not so numerous. Even a small tel 
scope reveals the individual stars in th: 
Milky Way, while with a larger glass w 
see that some are double, that is, instead 
of consisting of a single body, there ar 
two, which revolve around each other 
Still others, which to the naked eye, or 
with a small telescope, may appear sin- 
gle, are really multiple, consisting of 
three or more separate bodies. 

In addition to these, with a moderati 
sized telescope, we may see some star 
clusters, groups of thousands of stars, 
some irregular and some of a globular 
shape. In a small telescope, or under 
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poor conditions with a large one, these 
elusters look like continuous areas of 
light, similar to the Milky Way when 
seen With the unaided eye. Herschel, 
who had the largest telescope built in his 
day, saw the constituent stars for the 
first time in some of these clusters, so 
when he saw other nebulous objects that 
could not be separated with even his 
highest powers, he concluded that they 
too were made of swarms of stars that 
might be seen with a still‘more power- 
ful instrument. Some, he suggested, 
might be actual ‘‘island universes,’’ sim- 
ilar to our grindstone-shaped cluster 
and far beyond its limits. 

But about 1860, astronomers began to 
make use of a powerful new tool, the 
spectroscope, by which it was possible to 
separate the star light into a rainbow- 
like spectrum, crossed by numerous dark 
lines, which, to those who can read them, 
reveal the composition of the star. 
Principally in the hands of another Eng- 
lish astronomer, Sir William Huggins, 
the spectroscope was applied to the 
study of the nebulae, and most of them 
proved to consist of glowing gases. 
Such nebulae, then, were actually the 
irregular clouds of light that they ap- 
peared to be, but there are others that 
display a definite spiral structure, some- 
thing like a Fourth of July pinwheel in 
appearance. Only one of these is bright 
enough to be seen by the unaided eye as 
even a faint spot of light under the best 
conditions, but it has been estimated 
that at least 700,000 are within the 
grasp of modern telescopes. When 
looked at, even through the great 100- 
inch reflecting telescope at the Mt. Wil- 
son Observatory, they are disappoint- 
ing, but when photographed with an 
exposure of many hours, their light can 
“soak in’’ on the sensitive plate and 
their real form may be appreciated. 

Some of the spirals are seen ‘‘head 
on,’’ others at an angle, and still others 
display to us only their edges, for they 
too have the shape of a grindstone. All 


do not show the spiral structure equally 
well, but they can be arranged in an 
almost continuous series, depending on 
the perfection of their shape, which sug- 
gests that each might represent a differ- 
ent stage of development. But perhaps 
their most significant characteristic is 
that while the stars, clusters, gaseous 
nebulae and all the other celestial ob- 
jects are vastly more numerous in the 
Milky Way than elsewhere in the sky, 
not a single spiral has ever been found 
in this luminous belt! 

The spectroscope also tells something 
about them. Instead of showing a spec- 
trum of bright bands of color like that 
of the gaseous nebulae, they give one 
resembling that of the stars, but not of 
any particular star. Rather is it like a 
composite spectrum that might be ob- 
tained from a large mass of stars closely 
packed together. This fact, combined 
with those of their shape and distribu- 
tion, seemed to furnish a clue to their 
nature. Might they not be actual island 
universes, like our own, and outside its 
limits? This seemed reasonable, and was 
advocated by several eminent astrono- 
mers, but what was apparently impor- 
tant evidence against it was furnished 
by Dr. Adrian Van Maanen, of the Mt. 
Wilson Observatory. 

The spiral arms of some of 
nebulae are not entirely continuous, but 
show knots, or condensations, and by 
comparing photographs made twenty 
years previously by the 60-inch reflect- 
ing telescope of the observatory with 
others that he made of the same objects 
a few years ago, he found that ap- 
parently the material of which the 
nebulae consist was moving outwards 
along the arms, at a speed to take it com- 
pletely around in a quarter of a million 
years. While such a speed might seem 
slow, it would actually be exceedingly 
fast, for if the nebula was one hundred 
light years across, which would be far 
smaller than our universe, and scarcely 
more than the distance of some of the 


these 
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nearest stars from the sun, the material 
going around it in a quarter of a million 
years would have to travel nearly a mil- 
lion miles an hour! If the nebulae were 
far enough away, and sufficiently large, 
to be actual island universes, the speed 
would have to be impossibly great for 
any material substance, so this seemed 
to be the death blow of the island uni- 
verse theory. 

But sometimes scientific theories have 
a habit of coming to life after they have 
been killed and buried. During the past 
year Dr. Edwin P. Hubble, of the Mt. 
Wilson Observatory, announced that he 
had discovered in several of the spirals 
a number of Cepheid variable stars. 
These periodically become bright and 
then faint again, but unlike other kinds 
of variable stars, the greater their aver- 
age brightness, the more rapidly do they 
vary. Their apparent brightness at any 
time may be measured by the astrono- 
mer from the strength of their images 


on his photographs, the period of their 
variations may be found by comparing 
plates made at different times, and this 


gives their actual brightness. We know 
how rapidly light diminishes as it passes 
through space and so the ratio of the 
actual and apparent brightnesses en- 
ables us to calculate their distances. 
Suppose you see a light so many feet 
from you. If you know how far it is 
you can estimate its actual brilliancy, 
but also, if you have in some other way 
found out how bright it really is, then 
you can estimate its distance. 

Using this method Dr. Hubble found 
that some of the brightest, and pre- 
sumably the nearest, of the spirals are 
at a distance of about a million light 
years! This places them definitely out- 
side our system, which, though esti- 
mates of its size vary, is hardly more 
than three hundred thousand light years 
across. But to clinch his argument, Dr. 
Hubble photographed two of the spirals 
with the highest powers of the 100-inch 
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telescope at Mt. Wilson, and actually 
showed parts of them as hordes of faiy, 
stars, proving them to be actual island 
universes, just as Herschel suggested 
many years ago! Recently I had ¢ 
pleasure of visiting Dr. Hubble at Pasa. 
dena, and he showed me his origina] 
plates, some of which he made last sum 
mer, and he told me how, by means ep. 
tirely independent of the Cepheid vari 
ables, he had remeasured the distances 
and found them entirely in agreement 
with his previous work. Columbus dis. 
covered half a known world, but hoy 
much greater is this man, who has dis. 
covered a host of new universes? 

But, you ask, what happens to Van 
Maanen’s work, and how can it be recon- 
ciled with the new discoveries? These 
questions are being asked by many 
astronomers, particularly Drs. Van 
Maanen and Hubble themselves. As Dr 
Van Maanen is recognized as a skilful 
observer, no one questions the accuracy 
of his results, but the effect may not be 
areal one. For instance, in some of th 
spirals spectroscopic evidence indicates 
that the arms are closing inwards, in- 
stead of opening outwards. In 1918, a 
new star flashed out in the constellation 
of the Eagle, and a series of photographs 
of it showed what was apparently matte: 
moving out from it with a speed com- 
parable with that of light itself. This 
was shown to be, not the actual motion 
of matter, but the front of the wave of 
light from the star as it burst out from 
its previous obscurity. It had been sur- 
rounded by clouds of cosmic ‘‘dust,’ 
dark matter previously invisible, but as 
parts of this dust cloud farther and 
farther from the star became illum- 
nated, we saw what was apparently 4 
rapidly expanding cloud. Perhaps 
something similar is oceurring in the 
nebulae. 

In any event, we can not but feel all 
the more the minuteness of man in the 
great Cosmos. From an earth at the 
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center of everything according to his 
former ideas, his home became but one 
of a number of planets revolving around 
the sun, his sun became but one of many 


991 


stars, and now his system of stars turns 
out to be but one of countless hordes of 
universes! Is this the last step? Who 
can tell? 


WHY THE SEA IS SALT 


By G. W. LITTLEHALES 
HYDROGRAPHIC OFFICE, WASHINGTON, D. C. 


THE approach to the discussion of the 
subject, ‘‘ Why the Sea is Salt,’’ is to be 
sought in considerations respecting the 
origin of the earth. The penetration of 
mathematical astronomy and geophysics 
into the origin of the earth has resulted 
in ranging the oceanographer in the 
ranks of those who have maintained that 
surface geology, like volcanic, does not 
demand the excessive temperatures 
which would have necessarily attended 
the formation of this planet by the 
gaseous-molten process of the nebular 
hypothesis. The oceanographer’s posi- 
tion in this respect is prompted by the 
necessity which confronts him of ac- 
counting for an ocean of the volume of 
that which actually exists on the earth. 

Spread over more than two thirds of 
the surface and yet amounting to but 
little more than one one thousandth part 
of the whole volume of the globe, the 
ocean, with its average depth of two 


; miles, is represented by a sheet of water 


of a thickness of only one four thou- 
sandth part of the diameter of the earth. 
It is not without importance to point to 


| the analogy that this depth is no greater 


than the thickness of the film of water 
that would cling by capillary attraction 
to a rubber ball of four inches in diame- 


j ter, being on that scale only one one 


thousandth part of an inch. From a 
sphere of this size composed of suitable 
material such a film could easily be 
exuded. 

By the nebular or gaseous-molten 
hypothesis, the original earth-nebula 
contained the materials of the present 


ocean and atmosphere. When the solid 
earth-body had cooled sufficiently, con- 
densation of the water of the primitive 
atmosphere would have taken place to 
form the ocean. But the indications are 
that by this process far more water 
would result than the world contains. 

Probably, then, the ocean has not had 
its origin in the primitive atmosphere 
surrounding a hot earth-body 
solidifying from a gaseous-molten phase. 

As knowledge increases, old beliefs 
not only may lose their value, but may 
thwart progress. The spirit of critical 
inquiry is necessary. 


slowly 


New occasions teach new duties; 
Time makes ancient good uncouth; 
“hey must upward still, and onward, 
Who would keep abreast of Truth. 


It is by regarding the earth as having 
been evolved by planitesimal accretion 
around a nucleus condensed from a part 
of the material of an eruptive bolt from 
the sun that a more rational explanation 
of the origin of the ocean is reached. It 
is far more likely that it has come from 
the water chemically combined with and 
absorbed by the planitesimal dust. As 
this solidified and then became disin- 
tegrated, the water was liberated. 

At first, when the earth was small, the 
water would escape as vapor into inter- 
stellar space on account of the deficiency 
in the intensity of the embryo earth’s 
gravitational field to retain water vapor 
as an atmosphere. It is doubtful 
whether Mars, with a mass one tenth as 
great as that of the earth, can now do 





THE SCIENTIFIC MONTHLY 


so. But, grown to its present mass, it 
is even possible that the earth continu- 
ally captures water molecules from outer 
space, and it is also probable that the 
water included in the last planitesimal 
accretions is still being exuded. On this 
view, then, the ocean is very slowly in- 
creasing in volume. 

When first the ocean was chained cap- 
tive at the wheels of the evolution of the 
earth in the basin that became the eru- 
cible in which was distilled the first liv- 
ing cell, its waters already contained 
saline constituents dissolved out from the 
planitesimal materials that cohered to 
form the nuclear-earth, and age-long 
accessions to the salts of the sea have 
been brought down to it by the rivers. 
But either the materials thus reaching 
the sea were different in the past from 
what they are now or else there have 
been processes at work that have made 
the composition of ocean salts different 
from river salts. At present the two 
dissolved mixtures are not the same. In 
the ocean, the relative abundance of 
chlorine, sulphur (asSo,), and carbon 
(asCO,) is in the order named and like- 
wise is the relative abundance of sodium, 
magnesium and calcium, while a reverse 
order of abundance of both of these trios 
of constituents exists in regard to the 
salts of river-water. 

By considering the transformations 
that take place to make insoluble com- 
pounds that constitute oceanic deposits 
or to generate gases to be liberated into 
the atmosphere, the changes that must 
ensue to alter the ratios of abundance of 
the various substances that are added to 
the salts of the sea by river-waters are 
eapable of explanation, save only in re- 
gard to sodium, which, in some way not 
yet known, seems also to be undergoing 
extraction from solution. 

When young Nature began to write 
the history of the earth upon the geo- 
logical column, it was recorded that the 
sea was made salt in the beginning as a 
part of the design of the sublime system 


of terrestrial adaptations. There 
direct evidence that the ocean in th, 
early part of Paleozoic time was high|y 
saline, for there were deposited from th 
waters of the Silurian Sea salifer 
strata which constitute the Onondags 
salt group and the Trenton and Chazy 
limestone series, in which the relies 9 
marine organisms largely abound, 


deposited by the ocean in that age. Thy 
salts of the sea have fed, throughout t 
ages, countless living things which hay: 
thronged its waters and whose remains 
now form the rocks of continents or | 
spread in beds of unknown thickness ; 
an expanse of the bottom of the oc 
exceeding, by eighty million squar 
miles, the total land surface of the earth 
they have lent the substance to build the 
fringing reefs of the land and all the 
coral islands of the sea, and there are at 


ity of three and one half per cent., i! 
the 324,000,000 eubie miles of water 
which make up the ocean, more tha! 
11,000,000 cubic miles of salt. This is 
sufficient to cover the areas of all t! 
lands in the world with a uniform layer 
of salt to the depth of more than a t 
sand feet. 

What force could move such a mass on 
the dry land? Yet, so marvelously is it 
enginery balanced, the ocean has re- 
ceived this great burden, without grovw- 
ing any fuller, and has given perpetual 
motion to it at the summons of the sun- 
beam, the zephyr, the polyp. 

The salinity of the ocean in all parts 
of the world is as nearly the same in t! 
proportionality of its constituents as 1s 
the blood of a human being in differen’ 
parts of the circulatory system. 17 
evolve on this planet a world, such 4 
this in which we live, the salinity of th 
ocean is indispensable. The office whic! 
the ocean performs in the economy of the 
universe by virtue of its saltness, it could 
not perform were its water altogether 
fresh. 
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If the sea were not salt, there would 
be no coral islands and reefs to give 
variety to its features; marine organism 
could not operate upon the specific grav- 
ity of its waters, nor give diversity to its 
climates; neither could evaporation add 
dynamical force to its circulation, and its 
waters, ceasing to contract with the low- 
ering of their temperature below 39° 
Fahrenheit, would give but little 
strength to its currents. 

It is through the agericy of the salts 
in the waters of the ocean that the neces- 
sary powers are derived to cause it to 
exercise, through its circulation, a gov- 
erning influence upon heat transference 
and climate and upon the development 
of vegetation and the well-being of the 
myriad forms of life in the world. 

The three great factors in accounting 
for the system of currents in the ocean, 
by which it becomes the great heat dis- 
tributor of the globe, are changes of 
temperature, the winds and salinity. 
The last mentioned becomes an impor- 
tant factor through the immediate and 
essential differences in specific gravity 
and consequent differences of level that 
it produces in different parts of the 
ocean through the action of evaporation 
and rainfall. 

If, through the fall of rain upon a 
portion of the ocean or through the 
action of evaporation in the surrounding 
parts, the waters of that portion become 
lighter than the rest down to a certain 
distance below the surface, two different 
kinds of motion will immediately occur. 
The lighter water will be lifted by the 
surrounding heavier waters until there 
is no difference in pressure between its 
lower boundary and the surrounding 
waters at the same depth; but, as its 
pressure at all levels above this lower 
boundary will now have become greater 
than that of the surrounding heavier 
waters, it will instantly begin to displace 
and overflow them. This movement of 
the lighter water will require consider- 
ably more time than the movement of 


the heavier waters by which it was lifted 
and continues to be lifted, as its level 
sinks by lateral diffusion, because the 
sum of the differences of pressure which 


caused the lifting of the lighter water 
was, in the first place, greater than the 
sum of the differences that caused its 
lateral diffusion. S« condly, the differ- 
ences of pressure that caused the first 
movement must extend all the way to the 
bottom, whereas those which cause the 
latter extend no deeper than the lighter 
stratum itself, and, even within the ex- 
tent of that, have their chief effect con- 
fined to the surface strata. 

On the other hand, when the equilib- 
rium of a mass of water is disturbed by 
causes that do not diminish the specific 
gravity, the disturbance must extend 
down to the bottom, and the differences 
of pressure at all levels beneath the sur- 
face must be equal. The equilibrium is 
then restored by a general movement of 
the whole mass, which movement is sen- 
sible in inverse proportion to the mass 
that is set in motion. This is the essen- 
tial cause for the difference in strength 
between the currents observed in salt and 
fresh waters, for, of all the current- 
producing causes which act in fresh 
waters, only the one resulting from vari- 
ations of temperature can sensibly affect 
the specific gravity, while the specific 
gravity of sea water, besides being much 
more affected by variation of tempera- 
ture, is still further influenced by the 
fresh water which rains upon the surface 
of the ocean. If the whole basin of the 
ocean were filled with fresh water and 
exposed to the most extreme meteoro- 
logical influences, the currents produced 
would not be nearly equal either in size 
or strength to those observed in the 
waters of the ocean. 

So the saltness of the sea is involved 
in all the great subjects into which the 
ocean currents and ocean circulation 
enter. Having contributed to the growth 
of the continents, it has in a like degree 
peopled them by influencing human mi- 
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grations through the streams of the 
ocean upon which the race of man was 
spread to the distant archipelagos at a 
time when there were only rudimentary 
means for struggling against the forces 
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of nature. Besides its influences in geo). 
ogy and anthropology, it is concerned to 
a marked extent in the climates of th 
earth and of the sea, and in their botany 
and zoology. 


THE EFFECT OF SCIENCE ON HISTORY 


By Dr. SAMUEL FLAGG BEMIS 


GEORGE WASHINGTON UNIVERSITY 


Last December there occurred in the 
city of Washington one of the most re- 
markable exhibitions of scientific studies 
which could be found anywhere on the 
face of the globe. Back in 1902, through 
the munificence, particularly through the 
farsightedness of the late Andrew Car- 
negie, there was created, with an income 
now upwards of twenty-two millions of 
dollars, an institution for advanced re- 
search in the realm of pure science. 
Under this organization have been 


brought together a band of scientists who 
ask no more than to be provided with 


ways and means to carry on their 
abstruse but epoch-making studies. And 
so these men are now busy in inquiring 
into the scientific explanation of such 
things as magnetic activity, the reason 
why radio waves hit a ‘‘ceiling’’ in the 
atmosphere and bound back to the 
earth; the reasons for earthquakes and 
voleanie action, with the possibility of 
charting earthquake areas in order to 
prophesy where the next quake will 
come; the means by which the plants 
catch solar energy and store it up in the 
earth for the use of man as fuel and 
food, with the possibility ahead of ecap- 
turing solar energy and transmuting it 
into great fuel and food supplies for 
human beings. The exhibits which were 
brought together from the four corners 
of the earth by the Carnegie Institution 
of Washington afford a striking illustra- 
tion of the ways in which scientific dis- 
coveries will modify our life in the 
future even more than they have in the 
past. 


These scientific discoveries, so graphi- 
eally exhibited by the Carnegie Institu- 
tion, raise most interesting questions for 
the historian as he looks back over their 
history and tries to look forward to t 
future of science and of man. 

Is it possible to measure history in 
terms of science? Is it possible to dis- 
cover a scientific interpretation of his 
tory which will be as important an addi- 
tion to the field of knowledge as has been 
the theory of evolution? There are som 
reasons to believe that some future New 
ton will hit upon this and that he wil 
give an entirely new interpretation and 
impetus to the study and to the teaching 
of history. It will give us a new per- 
spective of our place in the ebb and flow 
of human affairs and in our relation, not 
only to each other, and as nation 
nation, but in the large sense of our rela- 
tion to this earth and to the great uni- 
verse of which this earth is a relatively 
insignificant and by no means a perma- 
nent fixture. 

It is easiest to explain the possibility 
of such an interpretation by casting a 
historical glance backward and noting 
the rate at which man since the dawn of 
history has increased his control over th 
forces of nature, and then, having no- 
ticed this, to compare the rate at which 
he has secured control over his own 
nature. In such a comparison the effect 
of science on human history may b 
realized. 

One of the most unusual things for the 
student of history to realize is that our 
age of so-called ‘‘modern’’ history, the 
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years since the discovery of America, is 
but a brief part of the history of man- 
kind, whose life on this globe goes back 
at least 500,000 years and probably 
earlier. The present era of modern civ- 
ilization and modern science is just the 
frosting on a very deep and very thick 
eake, none too savory at the bottom. 
To-day we are at the top, in material 
things, of the long process of civilization. 
We are in possession of scientific tools 
undreamed of by the gteat thinkers of 
antiquity and by our own grandfathers 
and even fathers. This is because sci- 
ence, with ever increasing rapidity, has 
been giving to man more and more con- 
trol over the physical forces of nature. 
In the future even more than in the 
past, as the Carnegie Institution exhibi- 
tion forecasts, we are to expect that the 
contributions of science will give us in- 
creased control over these forces, and 
over new forces which we have not yet 
discovered, which to-day we can not 
visualize even with imaginations already 
attuned to the startling scientific devel- 
opments of our age. 

For the greater part of human history 
man has lived without the benefit of 
science. Some old men listening in to- 
night can remember back into what 
seems a different world, so far as modern 
scientific inventions are concerned. 
Never did they dream in their wildest 
dreams of youth that, for example, they 
would be sitting to-night in their own 
homes listening to a voice from Washing- 
ton. One does not have to go back many 
lifetimes to get beyond the touch of 
modern life altogether, so far as the 
achievements of the scientific miracles of 
recent generations are concerned. The 
farther back one goes the more static and 
stationary life is.. Let us start at the 
dawn of history and observe the rate of 
progress of science since then. 

Man’s first discoveries were few and 
far between. It was hundreds of thou- 
sands of years before our early progeni- 
tors discovered how to make and use fire, 
the first great invention which pro- 
foundly changed habits of human life. 


Doubtless it was thousands of years 
after the discovery of firemaking that 
the bow and arrow was invented, again 
changing stupendously our remote fore- 
fathers’ way of living. From then to the 
domestication of animals must have been 
another long period, but shorter than the 
distance from the discovery of how to 
make fire to that of how to make the 
bow-and-arrow. From domestication of 
animals to agriculture, to weaving, to 
other important steps in the control of 
natural forces were steps far apart, but, 
it is important to notice here and to 
remember, ever closer together in time, 
as civilization advanced. It seems pretty 
certain that if we knew all the facts we 
should find that man’s control over the 
forces of nature has proceeded at a con 
stantly accelerating rate—like the steam 
exhaust of a locomotive getting up 
speed, at first the puffs are slowly spaced 
and labored, then they come faster and 
faster, almost indistinguishable from 
each other as the engine approaches full 
speed. So with our civilization as it has 
been getting up speed. From the dawn 
of civilization.down to the time of the 
ancient Greeks, that is to say, for per- 
haps some three thousand years, the 
number of epoch-making 
achievements was very small—that is, 
from the invention of writing to the days 
of Aristotle. For the next fifteen hun- 
dred years following the discoveries of 
the Greek scientists, science, relatively 
speaking, rested on its oars. Men and 
women in the Roman world lived, 
worked, traveled, wore the same kind of 
clothes, ate the same kind of food, used 
much the same kind of tools, raised much 
the same kind of crops and went their 
separate ways in much the same way 
that they had in the time of Pericles. 
Some improvements and changes, yes, 
but none such as to transform very much 
confirmed habits of living and thinking. 
Then came the Renaissance and a num- 
ber of epoch-making scientific inventions 
and discoveries—the compass, the 
sphericity of the earth, and with these 
the new world and the new geography— 
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the discovery of the solar system and 
with it a new conception of the place of 
man and his earth in the larger scheme. 
Only roughly fifteen hundred to two 
thousand years had now intervened be- 
tween epoch-making discoveries ; whereas 
previously such things did not occur 
except three or four thousand years 
apart, and even before that, in stretches 
of six or eight thousand years. From 
1400, the time of the Renaissance, to 
1750, the age of absolute monarchy at its 
apogee in Europe, the world was pro- 
foundly affected by science. It was in 
the eighteenth century, for example, that 
the beginnings of modern chemistry and 
physics, and with them of medicine, were 
laid. After a period this time of only 
three or four hundred years, man, 
thanks to the increasingly influential aid 
of science, had again perhaps doubled his 
control over the forces of nature and in 
a much shorter time than it had taken 
him to double his scientific capital in 
previous ages. Think of the advance- 
ments which took place in the next 
seventy-five years, between 1750 and 
1825—the invention of power machin- 
ery, particularly of steam power, and the 
industrial revolution which was a conse- 
quence. If we look on our stock of scien- 
tific inventions as one looks on his capital 
invested in a bank or elsewhere, we see 
that once it took man, say, three or four 
thousand years to double his little stock 
of scientific capital; later he doubled it 
in half that time, namely, in about fif- 
teen hundred or two thousand years, and 
that he continued to double an increas- 
ingly large scientific capital in increas- 
ingly short periods of time. From 1825 
on one can appreciate readily enough the 
rate at which science has progressed, 
until now it seems that about every dec- 
ade or two we double the control which 
science has gained for us over natural 
forees. And science is still speeding 
along. We are only beginning to get up 
speed. Almost over night the world of 
materjal things around us seems trans- 
formed. 

What I have just said is, of course, to 
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some extent conjectural. But if w 
knew enough of the facts and of the his 
tory of man for, let us say, the 
twenty-one or two thousand years, , 
might be able to plot a curve represent- 
ing the rise of science from, let us sa) 
20,000 B.C. to 1925 A.D. For the first 
ten thousand years that line would run 
along the bottom of the page with onl: 
a small ascent marking the advance oi! 
science from the invention of fire-making 
to that of the bow-and-arrow. After that 
during the next five thousand years, 
from bow-and-arrow, say, to domestica 
tion of animals, to agriculture, to the in- 
vention of writing, the curve would ris: 
as much as it had in the previous t 
thousand. From the invention of writ 
ing to the time of Greek science the curv: 
would again go up, in now less tha 
twenty-five hundred years, to a degre 
equalling the whole sum of previous 
advance. As our civilization has bee: 
getting up speed our stock of scientific 


knowledge has doubled itself at increas 


ingly short intervals. Possibly it has 
acted somewhat like a dollar out at in- 
terest, which might at first at infinitesi- 
mal rate of interest double itself in ten 
thousand years, then the two dollars to 
double in five thousand years, the result- 
ing four dollars in twenty-five hundred 
years, the next eight dollars in twelv 
hundred and fifty years, and so along, 
until at length rapidly larger sums ar 
doubling themselves at very short inter- 
vals. Very roughly speaking, this sug- 
gests the way our stock of scientific 
knowledge has been increasing. If w 
knew all the facts, I repeat, we might 
possibly figure out a mathematical mea- 
surement of the advance of science, and 
thus discover a dynamic law of history 
once suggested by Henry Adams—which 
would be as important in thought as the 
theory of evolution. 

It is quite possible that between 1925 
and 1940 science will have advanced as 
much as it has done in hundreds of years 
in the past. We know we are now going 
ahead at a stupendous speed. Can we 
keep this up indefinitely? Are we likely 
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to get going so fast that we are in danger 
of running off the track? This is what 
many thinkers to-day want to know, and 
they are calling on the historian to tell 
them. 

Remembering this ever-increasing, this 
dizzy speed of scientific progress in re- 
cent times, let us note whether human 
nature, human physiology, human psy- 
chology has been changing. If at all, 
these factors have changed only very 
slowly. We are somewhat different now 
than in the time of Tutankhamen. 
Thanks to medical science, we live twice 
as long. Our social organization and our 
political organization are somewhat bet- 
ter, but our progress in these directions 
has been painfully slow. While we have 
been speeding ahead so fast in getting 
control of physical and chemical nature 
we have done woefully little in getting 
control of human nature. Our human 
nature, that is, our human body, is not 
very much different now than it was in 
the time of ancient Egypt. We fight 
wars, we experience revolutions and we 
do them in more deadly and more rapid 
ways. We have the same human hatreds, 
fears, hopes and loves. What if human 
nature should get out of control in an- 
other great war, in let us say 1940? 
What if in 1940 mankind should loose, 
for purposes of destruction, the physical 
forees which science will have harnessed 
in the next fifteen years? The answer 
is suggested to me by some words of 
Secretary of Commerce Herbert Hoover, 
which he is quoted as having used in an 
Armistice Day address at Los Angeles: 
“‘The world has learned many lessons 
from the war, but none more emphatic 
than that its increasing terribleness will, 
if repeated again, destroy civilization it- 
self. The mobilization of a whole people 
into war, the inventions of science turned 
to destruction and the killing of men will 
make any other great war the cemetery 
of civilization.’’ 

This is what interests the historian 
as he turns his attention to the work 
of modern science as an ever-increas- 


ing and powerful factor in human life 
—the most powerful material factor 
there is to-day. The historian, noting 
the increasingly potent factor which 
science is playing of late years in human 
affairs, is impelled to ask the questions: 
Is the control of natural forces we are 
now achieving in such increasing mea- 
sure, is this control compatible with our 
control over human nature? Will our 
startling and ever more startling scien- 
tific inventions get out of hand, through 
defects of human nature, and end us in 
a catastrophe that will make us begin all 
over again? The historian of to-day is 
becoming more concerned with the rela- 
tion of science to society in recent times 
He will be even more concerned in the 
near future. If the teaching of history 
can be presented in such a way as to 
make the student know where civilization 
is now and whither it is going, it can in 
this way emphasize the vital necessity of 
adjusting human nature to scientific 
progress, then history may come to have 
a practical value to be measured in the 
saving of human lives by the millions 
and in the saving of civilization itself. 
The lessons of history will be more 
availed of, as they were in the Washing- 
ton Conference for the Limitation of 
Armaments in 1921, which enabled mil- 
lions of people to avoid a terrible war. 
Thus does the study of history become 
as practical and valuable an everyday 
sort of thing as chemistry. Indeed it is 
more so, if one realizes that some great 
cataclysm in the future if not prevented 
may knock the props out from under 
science itself. 

The study of history, in terms of 
human relation to science, is the only 
way we have to throw a beam ahead on 
an uncertain road. It is as indispensable 
to civilization, in these days of rapid 
scientific inventions, as is a headlight to 
a powerful motor car speeding ahead on 
an indifferent country road. It is a con- 
ception of history as the headlight of 
civilization which makes the teaching of 
it one of the noblest tasks of life. 








ASTRONOMY AND AUTHORITY 


By Professor JOSEPH MAYER 


HEAD OF DEPARTMENT OF ECONOMICS AND SOCIOLOGY, TUFTS COLLEGE 


AsoutT the time of the death of Coper- 
nicus in 1543 and the publication of his 
now famous astronomical treatise, there 
were definite signs of a breaking away 
from the authority of Aristotle in sev- 
eral fields of scientific inquiry, although 
the most immediate effect was upon 
astronomy. The movement was slow in 
gathering strength, for the ecclesiastical 
power of the period dealt summarily 
with those who questioned its dogmas, 
especially if it thought its position to be 
imperiled. It crushed many brave spir- 
its under its iron heel. 

Yet by the end of the sixteenth cen- 
tury the number of ‘‘dissenters’’ had 
increased considerably. The clerics now 
became thoroughly alarmed at the grow- 
ing ‘‘heresies’’ and, hoping to put an 
end to them, singled out an outspoken 
believer in the Copernican system, the 
eminent Giordano Bruno, and ordered 
him to recant on pain of being put to 
death at the stake. Bruno refused to 
recant and thus went to his death; but 
his dying words live forever in the 
hearts of men: ‘‘I yielded to none. . 
in constancy, and I preferred a spirited 
death to a cowardly life.’’ 

Bruno was a contemporary of a num- 
ber of other fearless thinkers who could 
not be crushed, among these the fiery 
Galileo (1564-1642) and the painstaking 
Kepler (1571-1630), who between them 
were destined to complete the destruc- 
tion of the Ptolemaic-Aristotelian cos- 
mogony, which assumed the earth to be 
fixed, with the sun and the rest of the 
heavenly bodies circling around it. The 
burning of Bruno at the stake served 
mainly, after the first hush of dread had 
passed, to lash the Ptolemaic-Copernican 
controversy into a fury, out of which the 
Copernican system emerged triumphant. 


Two outstanding achievements in th. 
field of astronomy served to make this 
seventeenth century triumph completely 
possible. One was the perfection of the 
telescope and its use by Galileo, and the 
other was the discovery by Kepler of th 
laws of planetary motion, the keynote of 
which was the substitution of elliptical 
for circular orbits to explain the move 
ment of the planets about the sun. 

Galileo and Kepler were both emin« 
mathematicians and astronomers; they 
held professorships in prominent uni 
versities; and they accepted the Coper- 
nican theory early in their careers. 
They were acquainted with each other, 
at least by correspondence; apparent]; 
secured considerable consolation in 
writing back and forth about their work 
and their troubles with ecclesiastica! 
despotism ; and appreciated the dangers 
they were running in holding unpopular 
views. Galileo remarked in 1597 in a 
letter to his friend that he was withhold- 
ing some of his arguments, for he did not 
desire to become, as he put it, ‘‘an object 
of ridicule and scorn . . . so great is the 
number of fools.’’ Galileo had a bitter 
tongue and did not mince words on 
occasion. 

At the University of Pisa in his nativ: 
city, where he received his education and 
where he later held a_ professorship, 
Galileo soon brought unpopularity upon 
himself beeause of his original thinking 
and his keen desire to get at the trut 
which desire amounted to a passion wit! 
him. His father, an impoverished Ital- 
ian nobleman, had tried unsuccessfully 
to make a merchant out of his son and, 
failing, had sent him to the university 
to study medicine. But Galileo was in- 
terested in pure science, and this interest 


could not be suppressed. Sitting in the 
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eathedral at Pisa, during a service, his 
attention was caught by a swinging 
chandelier above him. In a spirit of 
curiosity he timed the oscillations by his 
pulse beat—for watches had not yet been 
invented—and noted the curious fact 
that, although the oscillations were dying 
down, the time of each swing of the 
chandelier remained unchanged, a dis- 
covery which formed the basis for the 
subsequent construction of the pendu- 
lum clock. Experimenting with pendu- 
lums of varying length on his return 
from the cathedral he discovered a sec- 
ond important fact, viz., that a longer or 
shorter time of swing is secured by 
changing the length of the pendulum; 
and combining the two discoveries, he 
invented the first instrument for record- 
ing the pulse beat of a patient. During 
this same period of medical study, he 
accidently overheard lessons in Euclid 
being given at the home of a friend and 
induced the tutor to give him lessons 
also. Soon, the study of medicine for- 
gotten, he was deep in mathematies and 
physies, mastering the writings of 
Archimedes and making suggestions 
along scientific lines which brought him 
to the attention of the premier mathe- 
matician of Italy, who secured for him 
the chair of mathematies at Pisa. 

Here at the very beginning of his 
career, Galileo performed his famous 
experiment of dropping a light and a 
heavy ball of metal from the top of the 
leaning tower of Pisa to disprove 
Aristotle’s dictum that a heavy body 
falls faster than a light one. Aristotle’s 
assumption is the common sense assump- 
tion, for it is in every one’s experience 
that a piece of paper flutters to the 
ground more slowly than a stone drops. 
Yet the difference is due only to the 
resistance of the air, neglecting which, 
the paper and the stone would fall with 
the same speed, as experiments in vacuo 
amply demonstrate. 

In his experiment Galileo used a hun- 
dred pound cannon ball and a half pound 


weight, the compactness of the objects 
rendering the resistance of the air negli- 
gible. He released them together. But 
as the cannon ball and the weight struck 
the ground simultaneously before the 
astonished eyes of the antagonistic crowd 
that had gathered, only angry mutter- 
ings arose. Galileo was called a sorcerer 
and magician, for not only did the result 
violate common-sense impressions, but 
the great Aristotle had taught the very 
opposite. And what Aristotle taught 
was not to be questioned, and so, his col- 
leagues reasoned, Galileo must have re- 
sorted to witcheraft! The leaning- 
tower-of-Pisa experiment was but an 
illustration of how in one way or another 
Galileo thundered forth his anathemas 
against the blind antiquity-worship of 
the day, until his enemies in Pisa forced 
him to resign his professorship. Luck- 
ily, however, his fame had spread and in 
1592, still under thirty years of age, he 
was invited to come to the University of 
Padua, where he continued his experi- 
ments but curbed his utterances some- 
what until after his reelection in 1598. 

Then came the martyrdom of Bruno, 
and the spirit of Galileo boiled within 
him. He watched his opportunity and 
fuund it in the appearance of a new and 
brilliant star in 1604. Here was an 
object-lesson. How account for a strange 
star in the never-changing, immutable 
heavens of the Aristotelians? He un- 
leashed his bitter tongue again. Before 
large audiences he flayed his enemies 
and for the first time came out boldly 
for the Copernican system. Soon he was 
the storm center of the controversy, with 
the clerics watching his every move. But 
Padua was quite tolerant religiously and 
as long as Galileo stayed there he was 
safe from actual persecution. 

It was at this period that he received 
word from Holland regarding a crude 
magnifying contrivance, which his in- 
ventive genius seized upon and perfected 
into the telescope. His first improve- 
ment enabled him to see objects nine 
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times as large and three times as near. 
He quickly followed this with another 
instrument which magnified objects 
nearly a thousand fold and brought 
them thirty times nearer. This he 
pointed to the heavens with further 
devastating results for the Aristotelian 
cosmogony. Again his trenchant pen 
and bitter tongue flayed the opposition. 
‘‘Where is your perfect moon,’’ he 
shouted, ‘‘when through my telescope it 
shows itself to be all scarred and in- 
dented?’’ ‘‘Why assume the earth to be 
the center of the universe,’’ he contin- 
ued, ‘‘when I see four bodies circling 
around the planet Jupiter?’’ His oppo- 
nents were beside themselves. One 
prominent critic insisted that since the 
moons of Jupiter could not be seen with 
the naked eye, they did not exist. An- 
other simply refused to look through the 
**devil’s glass.’’ 

‘Oh, my dear Kepler,’’ writes Galileo, 
**how I wish we could have one hearty 
laugh together. Here at Padua is the 
principal professor of philosophy, whom 
I have repeatedly and urgently requested 
to look at the moon and planets through 
my glass, which he pertinaciously refuses 
to do. Why are you not here? What 
shouts of laughter we should have at 
this glorious folly. And to hear the pro- 
fessor of philosophy at Pisa labouring 
before the grand duke with logical argu- 
ments, as if with magical incantations to 
charm the new planets out of the sky.’’ 

With his telescope, Galileo continued 
to ‘‘push back the heavens’’ and to add 
to his fame. He discovered a sun spot 
and by watching its changing positions 
calculated that the sun revolves on its 
axis every twenty-four days. He re- 
solved the Milky Way into myriads of 
tiny stars. He discovered the rings of 
Saturn. And in scores of other ways he 
opened up the heavens as they had never 
appeared before. 

By this time Galileo had become the 
idol of the Venetian republic, under the 
protection of whose tolerant religious 
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attitude he should probably have re. 
mained. But he had long desired to be 
back in his home in Tuscany, in spite of 
its bigotry and intolerance and the near- 
ness of Rome, so in 1610 he returned, 
accepting a position in Florence, wher 
he continued his researches in physics 
and astronomy and his criticism of the 
Aristotelians. The ecclesiastics now saw 
their opportunity and began stirring up 
Rome, until finally Galileo was sent for 
in 1616, his works were put under th 
ban, and he was enjoined on pain of 
torture and imprisonment to cease his 
‘*heretical opinion.’’ Under duress, he 
promised never to teach the Copernican 
doctrine again, and this forced promise 
he abided by impatiently for fourteen 
long years. 

In the meantime, Galileo’s friend 
Kepler was busily engaged in Germany 
destroying the Ptolemaic system, if not 
in as spectacular a manner, yet in a wa) 
which struck at its very roots. 

Kepler had had troubles of his own. 
Born in an atmosphere of poverty and 
domestic bickering, sickly as a child and 
his eyesight almost ruined through a 
serious illness, Kepler started life wit! 
many handicaps. But he possessed a 
dogged perseverance and a genius for 
mathematics which soon won him a num- 
ber of friends. These aided him 
getting to the University of Tubingen, 
which he entered at the age of seventeen 
Here he distinguished himself under th 
professor of mathematics, Michael 
Maestlin, who was an ardent supporter 
of Copernicus and who deeply influenced 
young Kepler. At twenty-three, Kepler 
was already installed as professor of 
mathematics at the University of Gratz. 

He now began to speculate about the 
general plan of the solar system. He 
knew that there were some glaring dis- 
erepancies between the circular orbit 
theory of planetary motion and the ob- 
served facts, and he knew that the six 
planets then known (Mercury, Venus, 
Earth, Mars, Jupiter and Saturn) moved 
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in their orbits at variable speeds and 
that the farther a planet was away from 
the sun the more slowly it moved. The 
way Kepler went about his problem is 
highly illuminating. Questioning the 
theory of circular orbits, he tried every 
conceivable orbit he knew anything 
about, triangular, pentagonal, hexagonal, 
and so on, in each instance testing his 
hypothesis with the observed facts and 
disearding the hypothesis when he saw 
it did not fit. ' 

At first, however, he did not have very 
accurate data to go by, and he published 
his earlier theories in 1596, thinking the 
results accorded fairly well with the 
facts. The effect of the publication was 
to put him in close touch with Galileo, 
in then far-off Italy, and to receive an 
invitation from the greatest astronomical 
observer of the age, Tycho Brahe, to 
come to Prague, in Bohemia, and test 
his hypotheses with the observations 
there recorded. Kepler accepted the in- 
vitation, went to Prague and tested his 
theories, found they did not accord with 
Brahe’s observations, and unhesitatingly 
disearded them. 

But he had won the friendship and 
admiration of Brahe, with the result 
that he aecepted an offer to work with 
him under the patronage of King 
Rudolph of Bohemia. Here was an un- 
usual combination, a great mathemati- 
cian working hand in hand with a great 
observer. To be sure Brahe died soon 
after Kepler’s arrival from Gritz, but 
the former’s wonderfully accurate ob- 
servations of planetary motion were at 
Kepler’s disposal. Furthermore, as the 
result of a promise made to Brahe before 
the latter’s death, Kepler himself com- 
pleted a series of observations he and 
Brahe had started and published them 
after considerable difficulties a number 
of years later under the title of the 
Rudolphine Tables, in honor of King 


j Rudolph, who had also died in the in- 
| term. These tables were of the utmost 
» ‘mportance and for hundreds of years 


served navigators much as the Nautical 
Almanac of England serves navigators 
to-day. 

Long before the publication of these 
tables, Kepler had begun to correspond 
with Galileo, both with respect to the 
Copernican theory and the construction 
of telescopes. While Galileo was con- 
founding the ecclesiastics of Italy by 
breaking through the heavens with his 
telescope, Kepler was struggling along in 
a new position at the University of Lenz, 
in Austria, to which place he had gone 
after the death of King Rudolph, wor 
ries besetting him on every hand. 
short of funds, he had begun publishing 
an almanac through which he practiced 
as an astrologer, a practice indulged in 
by Galileo, and also by other noted men 
of that period, not to mention the motley 
erowd who knew nothing whatever of the 
movements of the heavenly bodies but 
practiced as charlatans pure and simple. 

Kepler’s family had been very ill and 
had almost starved, his salary was in 
arrears, his mother had been accused of 
soreery and had escaped torture only 
because of his personal intercession, and 
his efforts to raise money to have the 
Rudolphine Tables published were meet- 
ing with little suecess. He was hardly 
in the mood to indulge in laughter at the 
time his friend Galileo wrote him wish- 
ing the two could be together. 

But through all his troubles, Kepler 
kept doggedly on with his speculations 
as to planetary motion. His earlier 
theories discarded, he tried others, only 
to discard these in turn as not according 
with the facts, until at last he hit upon 
elliptical orbits with the sun at one of 
the foci, and, lo and behold, the hypothe- 
sis worked! We can well imagine his 
joy (for the quotation to be given pres- 
ently indicates that he gave vent to his 
feelings occasionally), when he applied 
Brahe’s observations and found that 
they accorded precisely with his theory. 

Kepler’s great revelation that the 
planets move in elliptical orbits about 


Being 
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the sun paved the way for his second 
discovery. He had been puzzled, also, 
by the variations in the rate at which 
planets move. Observations showed that 
a planet does not move with any uniform 
speed, but moves more slowly at certain 
times than at others. When near the 
sun it moves fastest; when farthest away 
it moves slowest. Applying the same 
trial-and-error method to this problem, 
he finally discovered the curious fact 
that the observed variations in speed are 
such that planets sweep out equal areas 
in equal times—which is to say that, if 
an imaginary line is drawn from the sun 
to a planet moving in its elliptical path 
and one end of the line is considered as 
fixed at the sun while the other end 
moves with the planet, the quasi-trian- 
gular areas swept out by the line in like 
periods of time are always the same. 

Kepler published his first two laws in 
1609 in his book on the ‘‘Motion of 
Mars,’’ at the time Galileo was at the 
height of his fame in Florence. But 
Kepler was not yet satisfied. There was 
still another problem which was puzzling 
him, and this related itself to the periods 
of the planets, i.e., the lengths of time 
they take to complete their orbital paths. 
These periods, it had long since been 
observed, were not the same for the dif- 
ferent planets. The greater the average 
or mean distance of a planet from the 
sun the longer does it take to complete 
its orbit. Was there any exact relation- 
ship, Kepler now asked himself, between 
the average or mean distances of the 
planets from the sun and their respective 
periods ? 

Again, he experimented mathemati- 
cally. Once more he tried various com- 
binations. He squared the periodic 
times and the mean distances; he cubed 
them ; he raised them to higher powers— 
all the while making comparisons to 
establish a possible relationship. And 
finally, for a third time, he hit upon a 
great truth. He discovered that there 
is an unvarying ratio existing between 


the mean distances and the periods, viz. 


the squares of the periodic times (t 
the planets are as the cubes of 
mean distances, (r)—t,?: t,?::1r,°:r,°. 


r* | 
other words = is a constant, or r 


2 


For example, consider the earth’s mean 


distance from the sun as one unit and 
period as one year. 
Mars’ caleulated mean distance from t 
sun is about 1.5 units. 
Kepler’s third law, the earth’s per 
squared is to Mars’ period squared 


the earth’s mean distance cubed is ¢ 


Mars’ mean distance cubed; or 1?: x? 
1°:(1.5)8 

. 

x? (1.5)? 


or x=1.9 years, which is the correct 
period for Mars as borne out by actual 


observation. 

Kepler published his third law 
1619, at which time he wrote regardi: 
it in the following words: 


That for which I joined with Tycho Bra 


for which I settled in Prague, and for which | 
have devoted the best part of my life to astr 
nomical contemplations, this at length I ha 


brought to light. It is not eighteen mont 
since the first glimpse of light reached : 
three months since the dawn, very few 

since the unveiled sun, most admirable to g 
upon, burst out upon me. Nothing holds 


I will indulge in my sacred fury; I will trium; 


According t 


On the same basis 


T 


over mankind by the honest confession that | 
have stolen the golden vases of the Egyptians 
to build up a tabernacle for my God, far away 


from the confines of Egypt. 


If you forgive 
me, I rejoice; if you are angry, I can bear it 


the die is cast; the book is written; to be read 


either now or by posterity, I care not wi 


it may well wait a century for a reader, as God 


has waited 6,000 years for an observer. 


In writing as he did, Kepler realize 


full well that the ban of the chur 


would be upon his revelations, for, thre’ 


years before, the College of Cardinals 
had suppressed his other writings w'' 


those of Copernicus and Galileo. But 


the arm of the church could not r ach 
Kepler in Austria as easily as it could 
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Galileo in Italy, and so his person was 
safe. How he regarded his critics is well 
summed up in what he wrote on a previ- 
ous occasion : 

If any one be too dull to comprehend the 
science of astronomy, or too foolish to believe 
in Copernicus without prejudice to his piety, 
my advice to him is, that he should quit the 
astronomical school, and condemning, if he will, 
any or all the theories of philosophers, look to 
his own affairs, and leaving this worldly travail, 
go home and plough his fields. 


Kepler’s contributions to astronomy 
were indeed great. The discovery of 
any one of his three laws would have 
been sufficient to give him lasting fame; 
but he did not stop there. In the course 
of bringing the Rudolphine Tables to 
completion (they were not published till 
1627), he incorporated his new discov- 
eries and set down the observed facts 
regarding the planets in such a manner 
that their locations could be easily com- 
puted far in advance. In addition, he 
came nearer to estimating the true dis- 
tance of the earth from the sun than any 
astronomer since Hipparchus had done; 
he made a profound study of comets, 
and his explanation of why their tails 
point away from the sun is almost iden- 
tical with that accepted to-day; and the 
prodigious amount of tedious computing 
he did, without logarithms or modern 
tabulating devices, is almost beyond 
comprehension. Napier, the inventor of 
logarithms, was a contemporary of Kep- 
ler, but his invention came too late to 
benefit the latter very much. When 
Kepler heard of the invention, however, 
he was enthusiastic over its possibilities, 
adding that logarithms would triple the 
life of the astronomer. 

It is difficult for us to conceive how 
startling the discoveries of Kepler must 
have been in his own day. That planets 
move in circular orbits was a deeply 
rooted belief, handed down from the 
ancient Greeks and accepted unquestion- 
ingly even by Copernicus. Elliptical 
orbits was a most revolutionary idea even 


to Galileo, who was quick to accept it, 
however, and make use of it in his lee- 
tures against the Ptolemaic system, as 
soon as Kepler had set forth his proofs. 

Kepler died in 1630, soon after the 
publication of the Rudolphine Tables. 
The same year, after fourteen years of 
enforced silence, Galileo published his 
great work on the Ptolemaic and Coper- 
nican systems, written in dialogue to 
conform with the spirit of his promise to 
The book 


ious stir, 


the ecclesiastical authorities. 
immediately created a tremen: 
and, although it was later suppressed 
and Galileo was forced to recant to save 
his aging body from torture and for a 
few more years of research, the mischief 
had been done. The new knowledge 
spread throughout Europe. The demoli- 
tion of the Aristotelian cosmogony was 
complete. Between them, Kepler and 
Galileo had placed astronomy on a se- 
eure scientific basis, from which it could 
proceed to perfect its principles. 

But it was not only the Aristotelian 
view of the universe that was crumbling 
during this period. The authority of 
Aristotle in biology and physies was like- 
wise being swept aside. Kepler and 
Galileo did not stand alone. Contempo- 
rary with them, Gilbert in physics and 
Harvey in biology were shattering the 
Aristotelian tradition. 

Galileo, as has been noted, was discon- 
certing the Aristotelians not merely in 
the field of astronomy but in that of 
physies as well. Both he and Kepler ad- 
renced the study of opties. The latter 
vorked out the principles underlying the 
refraction of light through various 
media, such as air and glass, to the point 
from which the laws of refraction were 
later derived (by Snell), while Galileo 
worked out many of the important prin- 
ciples underlying lenses in addition to 
perfecting the telescope. He also in- 
vented what was probably the first ther- 
mometer, and began the quantitative 
study of heat. 
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In dynamics, a most important depart- 
ment of physics, Galileo’s contributions 
equalled in importance his work in as- 
tronomy. Following his famous experi- 
ment with falling bodies at the leaning 
tower of Pisa, which so antagonized his 
colleagues and others that he was forced 
to give up his professorship at the uni- 
versity there, Galileo worked out the 
laws of falling bodies now familiar to 
every schoolboy. He had noticed that a 
falling body does not descend at a uni- 
form speed, but that its velocity in- 
creases as it falls and that the longer the 
time during which it falls the greater 
does its velocity become. So he set about 
trying to find a definite mathematical 
relationship in falling bodies between 
time of fall, speed and distance, just as 
Kepler had faced the problem of the re- 
lationship between planetary orbits, dis- 
tances and periods. Galileo made a num- 
ber of interesting experiments with balls 
rolling down inclined planes, taking care 
to minimize the effects of friction and 
constructing an ingenious yet simple 
timing device. After collecting sufficient 
data he applied his mathematics and 
found that the observed increase in ve- 
locity when a body falls is directly pro- 
portional to the time of falling, i.e., the 
ratio of the velocity (V) to the time 


(‘‘t’’) is a eonstant—_ = K or V=Kt. 


From this he derived, as a simple corol- 
lary, that the distance of descent (‘‘d’’) 
is always proportional to the square of 
the time of falling. Take a body falling 
from rest, for example: Distance traveled 
equals the average velocity multiplied by 
the time, and if the velocity is constantly 
increasing, the average, starting from rest, 
, woev” (O+v). 


1S g——- Hence d=—;~—t, or 


a meet 3 . , 
d= ve —. — =—Kt’, 1.¢., the distance of 
2 2 2 
fall varies as the square of the time. 
As in the ease of Kepler’s laws, Galileo 


did not explain why these ratios must 
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be so. He merely stated the facts. |; 
took Newton in the next generation 
explain both Kepler’s and Galileo’s dis. 
coveries. With respect to the foreg 
equation, it was later shown that ‘‘k 
is the value of the force of gravity at 
the earth’s surface. The significan: 
point here is that Galileo’s work in 4; 
namics swept aside the misconceptions 
of Aristotle regarding falling bodies a 
laid a secure foundation upon which fy 
ture scientists could build. Galileo ; 
worked out mathematically that 
path of a projectile, which gunners ha 
long since recognized as deviating f: 

a straight line, is a parabolic curve ai 
that there is a direct inverse relat 
ship between weight and distance w! 
bodies are acted upon by a given fore 
e.g., a force that will move a two-pouw 
weight through one foot of distance wil! 
move a one-pound weight exactly t 
feet or a half-pound weight exactly | 
feet. 

In concluding this brief sketch of t 
most important of Galileo’s contri! 
tions to physics, it is fitting to recal 
that, when at the age of sixty-nin 
saved his body from the torture rack 
the flames to which an ecclesiasti 
despotism stood ready to consign | 
unless he recanted with respect to |! 
astronomical teachings, he was undoubt 
edly preserving himself for the uncor 
pleted work on dynamics and statics 
had started over forty years befor: 
Pisa. It was during these last years t] 
he finished his experiments. Under t 
watchful eyes of the clerics, a virtual 
prisoner, and with failing health, 
great Galileo had passed seventy whe! 
he prepared to hurl his last thunderbolt 
into the ranks of bigotry and authority 
Under tremendous handicaps, he put 
lished in 1636 the now famous ‘‘Dia- 
logues of Motion.’’ The devastating ef- 
fect of this great work on preconceived 
ideas was not appreciated at once by th 
clerics, but it apparently had struck 
home by the time of Galileo’s death six 
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vears later, for he was denied decent 
burial, all his manuscripts were seized 
and most of them were burned, and even 
his will was vigilantly scrutinized and 
disputed. 

Happily, Galileo’s older contemporary 
in physical advance, William Gilbert 
1544-1603), was born in England and 
not under the eyes of Rome. For Eng- 
land in Gilbert’s day had become quite 
tolerant as compared with the England 
of Roger Bacon’s day. Gilbert thus es- 
eaped persecution, although his re- 
searches in electricity and magnetism 
met with the same type of bigoted oppo- 
sition as did Galileo’s in mechanics. 
How the first great man of science in 
England since Roger Bacon regarded his 
opponents is well expressed in the pref- 
ace to his monumental work, ‘‘De Mag- 
nete,’” published during the year of 
Bruno’s martyrdom in 1600: 


Why should I submit this noble science and 
this new philosophy to the judgment of men 
who have taken oath to follow the opinions of 
others, to the most senseless corrupters of the 
arts, to lettered clowns, grammatists, sophists, 
spouters, and the wrong headed rabble, to be 
denounced, torn to tatters, and heaped with 
contumely! To you alone, true philosophers, 
ingenuous minds, who not only in books but in 
things themselves look for knowledge, have I 
dedicated these foundations of magnetic 
science. 


How his bold stand for observation 
and experiment must have rankled in the 
minds of the guardians and protectors of 
the written word! 

Gilbert was educated at St. John’s 
College, Cambridge, evidently specializ- 
ing first in mathematics and later in 
medicine. He received the degree of 
M.D. in 1569 at the age of twenty-five. 
Following the custom of educated men 
of the day, he now spent a few years in 
travel on the continent, visiting Italy, 
then the intellectual center of the world 
despite its religious intolerance. He set- 
tled down in London to practice medi- 


| cine in 1573, and soon established a wide 


reputation both as a physician and as an 
experimentalist along chemical, electrical 
and magnetic lines, his home becoming 
the rendezvous for a group of admirers 
and followers who watched his experi- 
ments and accepted his conclusions. His 
fame reached its height during the year 
the ‘‘De Magnete’’ 
1600, when he became president of the 
Royal College of Physicians and chief 
physician to the court of Queen Eliza- 
beth. He died three years later 

Gilbert discovered some of the out- 


was published, in 


standing facts which form the basis of 
modern electricity and magnetism, and 
he was the first to distinguish between 
electrical and magnetic phenomena. He 
discovered that the earth is a giant mag 
net and he invented the term ‘‘pole’’ to 
explain certain of the observed facts 
He was also the first to distinguish be 
tween substances that can be electrified 
by friction and 
These contributions will be taken up 
again later when we get to the more con 
structive developments that grew out of 
Gilbert’s pioneer work. 

Great as were Gilbert’s contributions, 
his greatest service undoubtedly lay in 


those that ean not 


clearing away some of the weeds of mis- 


conception which had grown up about 
the subjects of electricity and magnetism 


since ancient days and which constituted 
a part of the Aristotelian dogmas of his 
period. This service was all the more 
valuable since alchemy, astrology and 
magic were all involved in the miscon- 
ceptions Gilbert attacked, and, until they 
were cleared away, little progress along 
the lines of chemistry as well as in the 
field of electricity and magnetism could 
be expected. 

The phenomena of magnetism had long 
been mixed up with magical practices. 
As Gilbert says, ‘‘the lodestone was ac- 
eused of producing 
making love philters, of losing its power 
when rubbed with garlic, and regaining 
it when smeared with goat’s blood, of de- 


melanc holy, of 
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clining to attract iron in the presence of 
diamond.’’ Applying the test of rigid 
experiment to each of these statements 
in turn, Gilbert demonstrated them to 
be so much hocum. It had been taught 
that a piece of iron rubbed with a dia- 
mond becomes magnetized. Gilbert pro- 
ceeded to find out if this is true. As he 
says farther: 


We made the experiment ourselves with 
seventy-five diamonds in presence of many wit- 
nesses, employing a number of iron bars and 
pieces of wire, manipulating them with the 
greatest care while they floated in water, sup- 
ported by corks; but never was it granted me 
to see the effect mentioned. 


It had been held for 2,000 years that 
amber alone can be excited by friction 
to attract other bodies. Gilbert dis- 
pelled this notion and demonstrated that 
many substances can be thus excited, 
among them glass, sulphur and resin. It 
had been known for thousands of years 
that a compass needle always points in 
a certain direction and many had been 
the speculations advanced to explain this 
phenomenon. Gilbert’s discovery that 
the earth is a magnet with ‘‘poles’’ at 
the north and south furnished a simple 
explanation of both compass direction 
and dip. In this connection, he remarks 
in his book: 


The common herd of philosophers, in search 
of the causes of magnetic movements, called in 
causes remote and far away. Martinus Cor- 
tesius ... dreamt of an attractive magnetic 
point beyond the heavens, acting on iron. 
Petrus Peregrinus holds that ‘‘direction’’ has 
its rise at the celestial poles. Cardan was of 
the opinion that the rotation of iron is caused 
by the star in the tail of the Ursa Major. The 
Frenchman Bossard thinks that the magnetic 
needle turns to the pole of the zodiac. . . . So 
has ever been the wont of mankind: homely 
things are vile; things from abroad and things 
afar are dear to them and the object of long- 


ing. 


Gilbert cleared away much of the un- 
derbrush and in doing so emphasized 
anew the value of observation and re- 
peated experiment as the basis of scien- 


tific investigation. As expressed ji, 
own words and quoting again from hj< 
treatise : 


In the discovery of secrets and in th 
tigation of the hidden causes of things, 
proofs are afforded by trustworthy expcri: 
rather than by probable guesses and 
ions. . 

Whoever wishes to try the same exper 
let him handle the substance, not carelessly. } 
prudently and deftly, and in the proper » 
and when the thing does not succeed let hj 
not in ignorance denounce my discoveries, for 
nothing has been set down in these pages wh 
has not been many times performed a1 
peated. 


It would be going too far afield to in- 
dicate the innumerable ways in w! 
Gilbert ’s ‘‘De Magnete’ 
ing notions regarding electrical and mag 
netic phenomena and laid the foundation 
for a better understanding of scient 
truth. It is a good book to dip into. 
contains many quaint and humorous 
well as illuminating passages. When 
Galileo had seen it, he expressed his 
opinion about Gilbert enthusiastically 


’ shattered exis 


I think him worthy of the greatest praise 
for the many new and true observations which 
he has made, to the disgrace of so many vain 
and fabling authors, who write not from their 
own knowledge only, but repeat everything they 
hear from the foolish and vulgar, without at 
tempting to satisfy themselves of the same by 
experience. 


Gilbert did not possess the depth and 
scope of Galileo, nor did his work affect 
progress as immediately, but he neverthe- 


+ 


less contributed in important ways 
scientific advance. 

While Gilbert was at the height of his 
fame in London, a young contemporary, 
destined to strike at the citadel of au- 
thority from another quarter—also : 
Englishman and also interested in medi- 
cine as a career—had journeyed t 
Padua to complete his medical training 
under the renowned surgeon and anat- 
omist Fabricius. This was William 
Harvey (1578-1657), the celebrated dis- 
coverer of the circulation of the blood. 
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Like Gilbert, he became prominent as a 
physician in London and served royalty, 
first as physician to James I and later to 


Charles I. Harvey’s contributions to 
scientific advance were in the field of 
biology. 

Again, the great influence here was in 
breaking down the bars of unquestioning 
authority, and in this respect Harvey 
was considerably aided by the work of 
two outstanding predecessors, Valerius 
Cordus (1515-1544) and Andreas Vesa- 
lius (1514-1564), one a German and the 
other a Belgian. 

Cordus was a botanist and the son of 
a botanist. In his day the relation of 
botany to medical practice was intimate, 
since the latter utilized herbs and plant 
products very extensively. Hence every 
physician was a botanist and every bot- 
anist a physician. It will be remembered 
that Dioseorides in the first century had 
written a medical botany, which because 
of its practical aspects had come to over- 
shadow the earlier and better work of 
Theophrastus. By the fifteenth century 
Dioscorides was giving place to Theo- 
phrastus and with the coming of the 
youthful genius Cordus (who did all his 
work before he was 29), the still further 
step was taken of describing plants anew 
from nature instead of placing any de- 
pendence at all on the incomplete de- 
scriptions of the ancients. Cordus lec- 
tured at Wittenberg, in Germany, where 
he taught men to break away from the 
past and think for themselves. He 
wrote a notable work on plants, was an 
excellent first-hand observer and ex- 
plored the botanical riches of Germany 
to good practical effect. In 1542 he 
visited Italy on a botanical expedition 
and died prematurely in Rome before his 
work was completed. He left his imprint 
on botanical advance in both Germany 
and Italy. 

Vesalius, the other important prede- 
cessor of Harvey, was born at Brussels 
and received his medical education at the 
most renowned universities of France 


and Italy. He had a distinguished pub- 
lic career as a physician, serving as army 
surgeon in Flanders, then as professor of 
surgery at Padua and other universities, 
later as court physician to Charles V, 
and still later as court 
Philip II at Madrid. He madea pilgrim- 
age to Jerusalem in 1563 and died on 
the voyage home. 

The great work of Vesalius lay in the 
biological field of anatomy. His writings 
on the structure of the human body have 
been likened by a noted historian to the 
discovery of a new world. Vesalius 
broke away from Galen, who had held 
undisputed sway in anatomy and physi- 
ology for fourteen centuries, and at- 
tempted to place anatomy on the firm 
basis of exact observation. In differing 
from Galen and in indicating his disgust 
with the crude dissections of his day, he 
secured the enmity of many of his fellow- 
physicians, but at the same time he gath- 
ered a number of followers to himself 
who faithfully carried on his work. 

It was the influence of Vesalius which 
Harvey felt on arriving at Padua a half 
century later. Vesalius had broken with 
the Galenic tradition in anatomy. Har- 
vey set himself the task of doing the 
same for physiology. He was not satis- 
fied with Galen’s ideas about bodily 
functions. In fact, no rational under- 
standing of the dynamics of the human 
system was possible as long as one ac- 
cepted the conclusions of the Galenic 
school that the arteries are filled with 
air. This false notion arose because the 
arteries are found to be empty after 
death. 

During the early part of his medical 
practice in London, Harvey was ap- 
pointed in 1615 as lecturer on anatomy 
at the College of Physicians. Here he 
started his carefully planned and in- 
geniously executed experiments which 
led to the discovery that the blood actu- 
ally flows in a circle from the heart 
through the arteries and veins back to 
the heart again. He began teaching this 


physician to 
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doctrine in 1619 and immediately 
aroused a storm of opposition from the 
medical fraternity. The storm raged for 
twenty-five years before the truth of his 
discovery was recognized, and in the 
meantime (in 1628) he published a tract 
on the subject which fortified his conten- 
tions with the most solid and convincing 
proofs. His own statement regarding 
his discovery, made in his tract, is of con- 
siderable interest : 


I frequently and seriously bethought me, and 
long revolved in my mind, what might be the 
quantity of blood which was transmitted, in 
how short a time its passage might be effected, 
and the like; and not finding it possible that 
this could be supplied by the juices of the in- 
gested aliment without the veins on the one 
hand becoming drained, and the arteries on the 
other hand getting ruptured through the exces- 
sive charge of blood, unless the blood should 
somehow find its way from the arteries into 
the veins, and so return to the right side of 
the heart; I began to think whether there might 
not be a motion, as it were, in a circle. Now 
this I afterwards found to be true; and I 
finally saw that the blood, forced by tne action 
of the left ventricle into the arteries, was dis- 
tributed to the body at large, and its several 
parts, in the same manner as it is sent through 
the lungs, impelled by the right ventricle into 
the pulmonary artery, and that it then passed 
through the veins and along the vena cava, and 
so round to the left ventricle in the manner 
already indicated. Which motion we may be 
allowed to call circular. 


But it must not be thought that all 
Harvey’s conclusions were equally 
sound. He accepted Aristotle’s assump- 
tion that many forms of life arise 
through spontaneous generation, and in 
1651 published a treatise in which he 
laid the foundations for the so-called epi- 
genesis theory of development, both of 
which assumptions were later proved to 
be false. Besides his famous discovery, 
his main contributions lay in breaking 
away from the ancients in other impor- 


tant respects and in emphasizing 


need for first-hand observation and , 


periment. 


With Cordus, Vesalius and Harve: 


three important branches of biolog 


study (botany, anatomy and physiolog 


became freed from the thraldom oj 
thority and the ground was made r 


for a further advance. But many mis 


conceptions were still rife and ot 
were to follow. In this field a: 
others, new fallacies came to be accep! 
as fast as the old ones were swept a\ 
for the reason that the foundation st 

had not yet been securely laid. Ot 
great scientists were still to com: 

place physics on as secure a basis 
Kepler and Galileo had placed ast: 
omy, and the ancient Greeks had p 

mathematics, and until then chemist 
and geology and biology and final]; 


chology were still speculative at bottor 


The significant thing about the wh 
period here under consideration is t! 
in addition to the solid establishment 
astronomy as a science, the blind : 
ance of Aristotle’s results (whether t: 
or false) had come to an end and t 
his methods of observation and exp 
ment, a return to which Roger B 
three and a half centuries befor 
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revived. The critical angle from w! 
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should not result in obseuring his great 


contributions, despite the grievous | 
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takes he made. It was the impossibilit; 


of separating the true from the fals: 


Aristotle’s writings, since the blind ad 


herence to the written word forced t 


acceptance of the false with the 
which fettered progress. But the fett 
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had now been removed by a return to ¢ 


rect observation and experiment. 
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BIG GAME OF THE UNITED STATES AND 
ITS CONSERVATION 


By E. A. GOLDMAN 


BIOLOGICAL SURVEY, U. S. DEPARTMENT OF AGRICULTURE 


At the time of the discovery of North 
America, large game .in abundance 
ranged nearly throughout the length and 
breadth of the continent. Deer of sev- 
eral kinds, browsing largely on the 
leaves of tender shrubs and craving 
shelter, lived in the forests everywhere, 
except in the far north. Great herds of 
grass-feeding animals, buffalo, antelope, 
elk and mountain sheep occupied the 
open plains or high mountains of the 
West. Moose, even more than the deer, 
were restricted to the forests, and bears 
were numerous wherever conditions were 
suitable. 

With the appearance of the settlers, 
the clearing of the forests for farms and 
the occupation of the grass lands for 
agricultural purposes or the grazing of 
domestic stock, the disappearance of 
much of the game was inevitable. The 
final passing of the buffalo could not 
have been prevented, for great herds of 
buffalo have no place, as game, under 
modern conditions. Inevitable also was 
the passing of most of the antelope, orig- 
inally more numerous perhaps than the 
buffalo. 

Pressure of human occupation, there- 
fore, together with unrestricted killing 
by hunters, inroads by predatory ani- 
mals and other incidental factors, led to 
the disappearance of the game, or to its 
reduction to comparatively small num- 
bers over most of its former range. 
Deer and moose, however, are now in- 
creasing, where accorded protection, 
especially on some of our national forests 
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and national parks, which may be re 
garded as great natural reservoirs for 
game. Mountain sheep still occur in 
places in the higher mountains of the 
west and in the desert ranges of th 
southwest, usually in small bands, which 
as a rule show little or no increase, al 
though no killing is permitted under the 
laws of most states. The antelop 
garded by many as the most beautiful 
and characteristically American of our 
game animals, have decreased very rap 
idly, especially in the past ten years 
They still occur in sixteen states, many 
of the smaller groups unfortunately in 
sections where their extinction is prac 
tically certain because of local condi- 
tions. Antelope are not likely to survive 
except on areas where they are accorded 
special protection. In the west the elk, 
accustomed to summer largely in the 
mountains, and to migrate to wintering 
areas on the lower mountain slopes and 
the surrounding plains, have been foreed 
back to winter in the higher and more 
inaccessible mountains. While thousands 
still remain in the Rocky Mountain sec- 
tion, chiefly in and around Yellowstone 
Park, and in the mountains nearer the 
Pacific Coast in Washington, these are 
mere remnants of the former great 
herds. 

Although the general outlook may 
seem rather discouraging, progress is 
being made and much may yet be done, 


not only to save the remnants, but to 


greatly increase numbers and restore 
game to sections from which it has dis- 
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appeared. In order to deal intelligently 
with the problem we must first under- 
stand and consider the requirements of 
the game and all the factors that may 
result in decreases or increases in 
number. 

The importance of establishing game 
preserves, national, state, municipal and 
private, is becoming more generally rec- 
ognized; but these must be suitably 
located and properly administered in 
order to achieve their highest usefulness. 
The ideal game preserve is a protected 
area favoring the rapid increase of 
game within its borders and from which 
the surplus can readily spread and stock 
surrounding areas. More game pre- 
serves are urgently needed on national 
forests. The national parks serve as 


great game preserves in which no hunt- 
ing is allowed. 

Among the requirements of game, the 
one of prime importance is sufficient 
palatable food during the winter as well 


as during the summer. In many regions 
summer range is ample, but the game is 
forced by deep snows to migrate to lower 
levels, where winter range and forage 
are inadequate, and where suffering and 
starvation result. This is well exempli- 
fied by the elk of the Yellowstone Park 
region, to which reference has already 
been made. Especial interest attaches to 
these elk, as they constitute the only 
really large herds of big game remaining 
in the United States, exclusive of 
Alaska; and they suffer pitifully, many 
dying from starvation in hard winters. 
The Izaak Walton League of America is 
issuing appeals, largely through its jour- 
nal Outdoor America, for funds to be 
raised by popular subscription and de- 
voted to the purchase of forage-produc- 
ing lands, to be added to the present in- 
adequate winter refuge in Jackson Hole, 
Wyoming, where thousands of elk con- 
centrate every winter. 

On the other hand, game may become 
too numerous on certain limited areas 


whereby the preferred forage plants are 
destroyed and the number of animals 
that can be permanently maintained js 
correspondingly reduced. 

The extent of the destruction of gam 
by large predatory animals, mountai; 
lions, wolves, coyotes and bobeats in 
western states is not generally realized 
Some nature-lovers deplore the syst 
matic killing of predatory animals t 


tain that the balance of nature is thy 
upset. The hypothetical balance existing 
at the time of the discovery of America 
meaning a stabilized condition under 
which the numbers of the predatory a: 
mals and the game upon which the; 
preyed were about stationary, was, how 
ever, long ago completely overturned and 
can never again be restored. 

This is due, as we have seen, to th 
progressive occupation of the country by 
civilized man. When we remember tha 
to the onslaughts of predatory animal 
were added unrestricted killing by men 
armed with guns, and the driving out of 
game incident to the clearing of forest 
and the pasturing of domestic stock, it i 
not surprising that the game decreased 
rapidly in numbers. As game decreases 
the attacks by predatory animals left 
uncontrolled are concentrated on the sur 
vivors, which are thus threatened with 
complete extermination. 

The large predatory mammals—moun- 
tain lions and wolves—require for their 
sustenance animal food in large quanti- 
ties. Owing to this compelling need, 
coupled with abundant power to kill 
their preference is for large game, 
shown by studies of food habits. Hunt- 
ers on certain game ranges in the west 
find that stomachs of mountain lions 
examined usually contain the remains 0! 
deer; and it is estimated that on such 
ranges a single mountain lion probably 
kills from fifty to one hundred deer eac 
year. In the absence of the lion, sport 
might have been afforded to fifty to on 
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hundred hunters who, in killing a deer 
each, would have benefited by the hunt 
and would have put to economic use the 
meat otherwise wantonly lost. 

The effective control of the small 
prairie wolves, or coyotes, is a difficult 
problem in game protection. They are 
peculiarly favored by their size, which 
is small enough to enable them to escape 
easy detection, and to subsist upon game 
birds, rodents and other small animals; 
and yet they are large. and powerful 
enough to constitute a very serious men- 
ace as large game and stock killers. 
Many young deer, calves and sheep 
especially become their victims. 

As nature lovers we are loath to con- 
template the destruction of any species, 
but as practical game conservationists 
we are forced by the records to the con- 
clusion that the large predatory animals 
must be reduced to very small numbers 
if game is to show a satisfactory increase. 
In various parts of the west, where 
through systematic efforts most of the 
large predatory animals have been re- 
moved, there has followed a marked in- 
crease in deer and other game species. 

The success attending recent efforts to 
restock with deer forested areas in some 
of the eastern states is doubtless due, in 
part, to the general absence or scarcity 
of large predatory animals. 

The greatest predatory animal after 
all, however, is man; and while we can 
not reduce his numbers, some control 
must be exercised over his too indis- 
criminate use of modern firearms, if a 
sufficient breeding stock of big game is 
to be maintained. But this does not 
mean that hunting under proper condi- 
tions should be discouraged. The joy of 
the chase provides wholesome recreation 
of a kind which ean be obtained in no 
other way, and which perhaps only a 
hunter can fully appreciate. Some main- 
tain that hunting is cruel, especially as 
it may bring suffering to the wounded, 


and urge that predatory animals should 
be allowed to kill the surplus game. 
Such advocates are presumably unfa- 
miliar with the frightful methods of 
predatory animals, which may begin de- 
vouring the weak and helpless while still 
alive, their agony being thus greatly 
prolonged. It should be remembered 
that most game animals come to a tragic 
end. The mortality rate from predatory 
animals is especially high during the first 
year. If they escape the hunters, de- 
clining vigor eventually increases the 
danger from carnivores until finally 
they are pulled down, mauled and killed. 

Much information is accumulating 
concerning all the conditions affecting 
game, but there is an insistent demand 
for more exact scientific knowledge to 
serve as a basis for successful game ad- 
ministration. To maintain the game 
supply, and at the same time to provide, 
if possible, fair sport for the increasing 
number of hunters that may confidently 
be expected is the problem before us. 
Fortunately, appreciation of the recrea- 
tional and economic value of game has 
become more general during recent 
years, and the demand more insistent for 
its protection and increase. Through 
the efforts of game protective associa- 
tions and individual conservationists a 
more enlightened public opinion is re- 
sulting in better federal and state laws 
and measures for their enforcement. 
Much remains to be done, however, to 
enlist the interest and local aid of the 
people everywhere, as without their co- 
operation laws are ineffective and the 
protection of game becomes extremely 
difficult, if not impossible. 

It has been the practice in many states 
to issue hunting licenses for the open 
season to all comers, with too little re- 
gard for the available game supply of 
any particular area. The hunters may 
far outnumber the animals hunted 
within a given section, and under such 
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conditions, long continued, the extinc- 
tion of the game is inevitable. 

The killing of too many animals may 
be prevented by adopting a _limited- 
license plan, based on annual estimates 
of game conditions in each district. 
This means that the number of big game 
licenses issued for a given area in one 
season would depend upon the number 
of game animals which it has been de- 
termined in advance can be spared. 

This is proper game administration, 
but it presents some difficulties in actual 
practice, for the reason that many per- 
sons desiring to hunt may be refused 
licenses. Another plan for limiting the 


number of game killed, more uncertain 
in its results, but sometimes more popu- 
lar, is to issue licenses to all applicants, 
limiting the open season, however, to a 
short time instead of the considerably 
longer period that might be allowed. 
The important point is to maintain num- 


bers without the necessity of establishing 
year-long close seasons, except on game 
ranges being restocked. 

There is an urgent need for a better 
understanding of the fundamental prin- 
ciples of practical game administration, 
which may be briefly stated. It should 
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be remembered that the potential rate of 
increase for any species of animal would. 
if unchecked, force ali others out of ex. 
istence. A high mortality rate is a bio. 
logical necessity. Any failure of gam 
to increase in a given section of the coun. 
try is probably due to one or mor 
three reasons: (1) There may be insuf. 
ficient suitable food, water or shelter 
(2) too many game animals 
killed by predatory animals or by hunt 
ers; or (3) animal diseases, frequently 
epizootic, may be present. 

The number to be maintained on a 
given area should be the largest that can 
be supported without reducing the food- 
producing capacity, due considerat 
being given to the reasonable demar 
for grazing of domestic stock and of any 
other local interests. All surplus sh 
be removed, ordinarily through hunting 

Hunting as a sport attracts men to t! 
forests and mountains, where for a brie/ 
period they may escape the artificial lif 
to which most are confined. From such 
an outing they return to their usual 
duties, improved mentally and phys- 
ically, with a broader outlook and wit! 
a finer appreciation of natural resources 
which we can not afford to sacrifice. 
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SCALE INSECTS’ 


By HAROLD MORRISON 


BUREAU OF ENTOMOLOGY 


WE hear so very much about the de- 
structiveness of those little creatures 
known as insects that we are apt to over- 
look the fact that some of them are very 
useful tous. Thus, the one family of the 
scale insects or coccids includes within 
its numbers more different kinds of in- 
sects that are or have been of use to the 
human race as food or in the arts and in- 
dustries than does any other correspond- 
ing group. 

Two forms, referred to in the Bible or 
by ancient writers such as Pliny, are be- 
lieved to be scale insects, although there 
has been some debate as to the particular 
insect referred to in each case. One of 
these, living on tamarix trees in the 
mountains of the Sinai peninsula, is 
credited with having furnished the 
manna which supported the Israelites 
at one period of their migration from 
Egypt back to the Holy Land. This 
manna occurs as a thickened, sweetish 
liquid, somewhat resembling honey, 
which forms in large hanging droplets 
on the branches of the tamarix trees as 
a result of the active feeding of many 
seale insects. The other insect, whose 
usefulness has been recognized and de- 
scribed since very early times, is known 
as the oak kermes and is found on only 
one certain kind of oak. It supplied to 
ancient manufacturers a crimson dye 
which was quite probably the royal 
purple of the early writers, since this 
color is at present believed to have been 
a shade of red rather than the mixture 

1 Broadcast from Station WRC, Washington, 
October 29, 1925, under the auspices of the 


Smithsonian Institution and the direction of 
Mr. Austin H. Clark. 


of red and blue which we know to-day 
by the name purple. Two other related 
scale insects, living on the roots of grass 
and other plants, one in Poland, the 
other in Armenja, also formed important 
sources of red dye, at least during the 
Middle Ages and up to the period fol- 
lowing the discovery of America by 
Columbus. 

With the conquest of Mexico, soon 
after 1500, Europeans first became ac- 
quainted with that best known of all 
the useful coccids, the cochineal insect. 
With its value fully recognized and its 
place in the highly developed Aztec 
civilization of that region well estab- 
lished, this insect soon became an im- 
portant article of commerce for the 
Spanish traders, so important, indeed, 
that when the Spanish monopoly in 
Mexico was broken up after 1800 by 
the revolution and declaration of inde- 
pendence of that country, the industry 
of producing the commercial form of 
the insect for the market was success- 
fully established in the Canary Islands, 
after attempts to grow it commercially 
in various parts of Spain and the other 
sections of the Mediterranean region had 
proven unsatisfactory. 

An interesting sidelight on the his- 
tory of this insect shows clearly the 
difficulties that may develop when accu- 
rate knowledge of any living form is 
lacking. This is the story of the at- 
tempt to establish its culture in India. 
Living examples, believed to be of the 
true cochineal insect, were sent to India 
from Brazil, were rather widely distrib- 
uted there, and became well established 
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on previously introduced cactus plants. 
The development of an industry was 
encouraged as much as possible, but it 
was found that some three times the 
quantity of the East Indian cochineal 
was required to supply the same amount 
of dye that a given quantity of the 
Mexican insects supplied. This, coupled 
with gradually falling prices for the 
product, soon caused the complete fail- 
ure of the industry in India. With our 
present-day knowledge of the insect and 
its relatives, we know that these early 
introductions into India were not true 
cochineal insects, but were instead one 
of its wild relatives, smaller in size and 
so deficient in coloring matter as to 
doom to failure in advance the attempt 
to establish a cochineal industry with 
them. 

To-day, due to the tremendous strides 
that have been made in the production 
of manufactured or synthetic colors, the 
coal tar dyes and others, none of the 
insect dyes can be regarded as commer- 
cially important, although a certain 
quantity of the cochineal insect is still 
gathered annually in the Canary Is- 
lands. 

However, there is another scale insect 
which has not only maintained but has 
actually greatly increased its commercial 
importance in recent years. This is the 
so-called lac insect, from which is ob- 
tained the shellac and other commercial 
lacs, substances having, either in their 
natural or in their bleached condition, 
a long list of important industrial uses, 
taking a part in the manufacture of 
phonograph records, the preparation of 
many paints and varnishes, the making 
of sealing wax and special printing inks, 
as an insulating material in many kinds 
of electrical work, for the manufacture 
of imitation ivory articles, such as 
toilet articles and poker chips, in some 
kinds of shoe polish, and so on. 

While it has some close relatives on 
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desert plants in the southwestern United 
States, the true lac insect is a native 
of India. There it is grown on a n 
ber of different kinds of trees, usually 
as an adjunct to the growth of culti- 
vated field crops. At certain times each 
year the young insects swarm over the 
younger branches of the trees on which 
they live, but soon settle down on these 
branches in such numbers that when they 
begin to feed and to give off the pro- 
tective secretion which very shortly coy- 
ers them, this secretion eventually so in- 
creases in quantity and spreads to such 
an extent that the individual masses be- 
come fused, surrounding each twig, to- 
gether with the insects feeding on 
with a cylinder of secreted matter, some- 
times several inches long, which is the 
lac. When the enclosed insects are full 
grown and have finished giving off the 
lac, the twigs are cut off, giving the 
stick lac, which, after a rather intricate 
manufacturing process that results in 
the elimination of the wood, the bodies 
of the insects and other organic matter, 
becomes the highest grade product, shel- 
lac, or the lower grade products, button 
lac, seed lac, garnet lac and others. 
These are the commercial forms in which 
the product is shipped to all parts of the 
world for manufacturing purposes. The 
total production varies greatly from year 
to year, according to the demand, but 
averages around forty million pounds 
per year, nearly half of which is said 
to come to the United States. 

In this country, scale insects are un- 
questionably best known as enemies of 
cultivated plants, shrubs and trees. Due 
to their intimate association with the 
plants on which they live, and their gen- 
erally small size and inconspicuous ap- 
pearance, they have unwittingly been 
distributed very widely over the country, 
and even over the world, by the very 
people most interested in escaping the 
damage resulting from their attacks, that 
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is, by those individuals who were at- 
tempting to establish commercial fruit- 
growing and related industries in new 
localities. 

A brief history of the spread of one 
of these, the notorious San José scale, 
may serve to illustrate the way in 
which an insect may become a_ pest, 
and to emphasize the potential dangers 
lurking in any insect found living on 
cultivated plants. This insect, probably 
more than any other single pest, has 
served to bring home to every one inter- 
ested in growing plants the great im- 
portance of the factor of insect damage 
in agricultural production. 

Although certainly brought to the 
United States from some other country, 
probably China, the insect was first dis- 
covered in 1880 near the town of San 
José, in California, whence it spread in 
the next few years through adjacent 
local territory and the other Pacific coast 
states, without attracting much atten- 
tion, except among those who realized 
its capacity for damage. It was only 
after the discovery, more than ten years 
later, that it had been brought to the 
eastern part of the country on fruit 
trees desired for experiments in develop- 
ing new varieties resistant to the attacks 
of another insect pest, the plum curculio, 
and the further discovery that it had 
quickly become widely distributed and 
very injurious, due to the introduction 
of infested nursery trees into many 
orchards throughout the eastern states, 
that the insect began to attract the al- 
most universal attention which it ulti- 
mately compelled. Subsequently, as the 
demand for commercial fruit production 
has arisen in other regions, with the re- 
sulting introduction of fruit varieties 
from the older fruit-growing countries, 
the insect has appeared in Chile, in 
South Africa, in Argentina and in 
northern India. Only the countries of 
Europe, as a result of the application of 


stringent prohibitive measures regarding 
the introduction of plants infested with 
this insect, and possibly with the assist- 
ance of a somewhat less favorable cli- 
mate, have been successful in avoiding 
its ravages. 

The immediate recognition by the en- 
tomologists of the Department of Agri- 
culture of the serious menace to horti- 
culture created by the establishment of 
the San José scale in the eastern states 
did resuit beneficially in one important 
respect, but at a price which takes toll 
annually in most sections where fruit is 
grown commercially. Since the natural 
enemies of this scale—the tiny parasites 
and the predatory insects which might 
devour whole colonies—were obviously 
too few and too little important to be of 
service in its control, numerous experi- 
ments were undertaken by the depart- 
ment and by the state experiment sta- 
tions to discover chemical compounds 
which could be applied to infested trees 
without injury to them, but with deadly 
effect on the insects. Of the many which 
were tried, the few best were developed 
by further experiments with the aim of 
greater effectiveness at lower cost, and 
are, even today, being continually 
worked on and improved as additional 
knowledge of chemistry and physics and 
a better acquaintance with the habits of 
the insect point the way. The net re- 
sults are that the grower is no longer 
confronted with the prospect that his 
orchards may be destroyed in spite of his 
best efforts to the contrary, while the 
consumer is able to make his choice from 
more perfect fruits than were ever avail- 
able in the past. Besides this, the suc- 
cessful application to other injurious in- 
sects of the principle of control by the 
use of so-called insecticides was greatly 
stimulated by the results obtained in the 
fight against the San José scale. 

What are scale insects? The scale in- 
sects and mealy bugs, or coccids, are 
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closely related to the plant-lice, and, 
with these, are familiar annoyances to 
every one who has ever maintained a 
garden or raised a fruit tree. All these 
groups have one characteristic in com- 
mon, that of obtaining their food from 
the plant on which they live by inserting 
a long slender tube in its tissues and 
sucking up through this the juices of the 
plant. But otherwise, as they occur in 
nature, they vary so greatly among 
themselves, both in appearance and in 
habits, that it is difficult to believe that 
they really have that close relationship 
which scientific studies have shown to 
exist between them. 

Most of the common plant lice are 
small, naked, soft-bodied insects, about 
one twelfth to one sixth of an inch in 
length, with slender legs and more or 
less pear-shaped bodies colored in vari- 
ous shades of yellow, green, red and 
brown to black, and often marked or 
Two 


spotted in characteristic patterns. 
pairs of delicate wings may be present, 
but are more often lacking. Many of 
these insects live the greater part of 
their lives hidden away in curiously 


formed galls on their host plants. The 
scale insects present a much greater 
diversity in size and appearance, some, 
when full grown, appearing no longer 
than one fiftieth of an inch, while others, 
such as some of those which are found 
in tropical regions, reach a length of 
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more than one inch. Some, such as the 
mealy bugs, have soft bodies concealed 
and protected by a dense coating of 
white powdery wax or by a sac of similar 
material; others are naked but have the 
outer surface much thickened and hard- 
ened to form a protective layer; stil! 
others, the true scale insects, these in- 
eluding some of the worst enemies of 
fruit and shade trees, are tiny, flattened, 
without legs, and are completely con- 
cealed beneath a slightly elevated, scale- 
like covering made up of cast skins and 
secretions from the insects’ bodies. This 
covering scale varies greatly in appear- 
ance according to the species, some being 
round, with a tiny conical hump in thé 
center, some oval, some pear-shap: 
some resembling the shell of an oyster 
and some so very long and slender as 
to suggest a short piece of thread lying 
on a leaf. The shape of the tiny insect 
lying beneath the scale likewise varies 
much as does that of the scale itself. 
These descriptions apply only to the 
females. The males, where they ar 
known, are small, delicately constructed 
insects, with long feelers, the usual six 
insect legs and generally a pair of deli- 
eate wings, but with no means of o! 
taining food, in fact differing so widely 
from their much larger, fat-bodied, but 
degenerate female relatives that their re- 
lationship would never be suspected 
without a careful study of their habits 
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MEN WHO HAVE EXPERIMENTED ON 
THEMSELVES 


By Professor FRASER HARRIS 


LONDON, ENGLAND 


THE medical man in the course of his 
professional duties runs more than the 
ordinary risks of infection. But he ac- 
cepts these as incidental to his profes- 
sion just as the sailor and the soldier 
accept the risks in theirs. 

In the bad old days before the discov- 
ery of anti-diphtheritic serum that has 
reduced the mortality in diphtheria 
from about 90 per cent. to a very small 
figure and quite taken the terror from 
that dreadful disease, the physician ran 
very great risks in attending a case of 
diphtheria. Quite often he had to open 
the wind-pipe to prevent the child being 
suffoeated by the ‘‘membrane’’ that 
formed over the glottis; and while doing 
this the child might cough in his face; 
in a short time he too had diphtheria 
and not rarely he went home to die. 

If ‘‘peace hath her victories no less 
renowned than war,’’ then certainly war 
has no monopoly of courage. 

In the earlier days of the use of the 
X-rays, before the extent of their tissue- 
destroying properties was known, several 
medical men received severe burns from 
the rays, some had to have a hand or an 
arm amputated, and one or two lost 
their lives. 

Researchers into medical problems 
have used their own bodies more fre- 
quently than one would think who has 
not specially noted the fact. Those who 
work with the microscope have of neces- 
sity to use their eyes so long at a time 
that they are apt to suffer from inflam- 
mation of the eyes. 

The discoverer of the capillaries—the 
first man to see the blood moving in these 


; minute tubes—Marcello Malpighi, so 
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strained his eyes that they were pain- 
fully inflamed for long periods. He is 
rightly called ‘‘the father of microscopi- 
cal anatomy,’’ for he made out impor- 
tant minute structures in the skin, lung, 
spleen and kidney with which his name 
has ever since been associated. 

The outstanding martyr of microscopy 
is the young Dutchman, Jan van Swam- 
merdam. He worked on the minute 
structure of the internal organs of in- 
sects; and so incessantly for months at a 
time that not only his eyesight but his 
general health suffered seriously. Hav- 
ing no artificial light capable of being 
used with the microscope, which indeed 
at that date (1660) was but a dissecting 
lens, he had to work in the direct sun- 
shine and of course only during the day. 

‘‘TIf he desisted at noon,”’ 
biographer, ‘‘it was only because the 
strength of his eyes was too much weak- 
ened by the extraordinary efflux of light 
and the use of microscopes to continue 
any longer upon such small objects.’’ 
Swammerdam, who died in 1680, and 
had graduated doctor of medicine at 
Paris but never practiced, was the first 
to describe the minute structure of the 
may-fly and of the honey bee. 

A friend of the author’s, a distin- 
guished Scottish pathologist, so injured 
his eyes with application to the micro- 
scope that for many months he could 
not use them at all. He had been trying 
to get a glimpse of the excessively trans- 
parent parasite of syphilis discovered by 
a German scientist only a short time be- 
fore: he verified the discovery. 

Laboratory workers have at all times 
used their own bodies as a ready method 
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of giving them the materials or data 
they required as standards. The Dutch 
microscopist Leeuwenhoek, who was the 
first to see bacteria, obtained them from 
material he scraped off his own teeth. 

In certain researches small quantities 
of blood are required from time to time 
in order to afford a standard of normal 
color in matching specimens of patients’ 
anemic blood. Those doing this kind of 
work invariably prick their fingers or 
ear-lobes for this purpose. Professor J. 
B.S. Haldane, F.R.S., of Oxford and Bir- 
mingham, in the course of researches of 
this nature, has administered to himself 
on countless occasions the very poisonous 
gas, carbon monoxide. 

Quite often, too, in the laboratory, 
supplies of air from the lungs are needed 
in connection with certain kinds of gas 
analysis; these are invariably collected 
by the workers from their own lungs. 
Here again Professor Haldane has been 
the leader of a band of workers fired by 
his enthusiasm. Their work on mine 
rescue-apparatus has proved to be of the 
highest value. 

The effect of very low barometric pres- 
sure is an important subject at the pres- 
ent time, especially for aviators. Very 
low oxygen pressure is their special 
trouble. 

In order to study the effects on the 
body of the great diminution of the pres- 
sure of oxygen, Professor Barcroft, of 
Cambridge, and a band of coworkers 
have lived on the summit of the peak of 
Teneriffe and on Pike’s Peak in Colo- 
rado. Here they made observations upon 
themselves and gained knowledge which 
has already proved most valuable to 
aviators and to those exploring very 
lofty mountains, as for instance Mount 
Everest. 

In order to settle a disputed point 
about the condition of the blood when 
one lives in an atmosphere where the 
pressure (tension) of oxygen is very 
small, Professor Barcroft volunteered to 
be.shut up in a glass case in which the 
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oxygen pressure had been greatly re. 
duced. At the end of eighteen hours a 
specimen of his blood was analyzed, and 
its state corresponded with what 
thought it would be from purely th 
retical considerations. 

To study mountain sickness as thor. 
oughly as possible a physiological! obser. 
vatory was built on Monte Rosa; a: 
here many biologists, by experimenting 
on themselves, have gained an insight in. 
to that distressing result of life at hig! 
levels. 

A great deal of the physiology of t! 
pulse and heart has been worked out by 
the physiologists’ experiments on them- 
selves. Some years ago a young pr 
sor at a Canadian university was { 
dead in the laboratory with an instru 
ment for recording the movements of t 
heart still strapped to his chest. 

One of the latest triumphs of experi- 
mental skill in medical research is the 
exceedingly delicate instrument, 
electrocardiograph, which records photo- 
graphically the electric currents of t! 
beating heart. This work which led 1 
the diagnosis of unsuspected forms 0! 
heart disease has been done almost en- 
tirely on the hearts of the physicians 
themselves. 

Students, especially medical students 
have at all times willingly allowed them- 
selves to be experimented on by thei! 
teachers. 

In a rather notable series of observa- 
tions carried out at the London Hospital 
by Professor Leonard Hill, F.R.S., eight 
student volunteers were shut up insid 


a specially constructed cabinet with 4 


glass side so that the effects of the stag- 
nant, hot atmosphere might be studied 
When the oxygen had fallen to about | 
per cent. and the carbon dioxide risen t 
4 per cent. and the wet bulb thermom 
ter read 85° F., they began to suffer ex- 
treme discomfort. To their astonis! 
ment they could not light their cigar- 


ettes. 





Without providing any better 
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MEN WHO HAVE 


ventilation, the electric fans in the roof 
were started with the result that the dis- 
eomfort was very rapidly diminished. 
The air set in motion had cooled the 
skin and allowed a refreshing escape of 
heat therefrom. 

Two very interesting control experi- 
ments were made on volunteers thus—a 
student outside the eabinet breathed 
through a tube air that had come from 
inside it: he felt no discomfort what- 
ever, because his skin was cool; but, con- 
versely, when one of those inside the 
cabinet breathed fresh pure air from out- 
side, his uncomfortable sensations were 
not in any way relieved. All these ex- 
periments showed that the discomfort 
arose not from any chemical state of the 
air in the cabinet but from its moist 
heat—a physical condition. 

A great deal of our knowledge of di- 
gestion has been ascertained through 
experiments on the human being. The 
very assiduous and fertile worker in 
Italy, Lazzaro Spallanzani, at the end of 
the eighteenth century made many ob- 
servations on himself in order to ascer- 
tain the influence of the gastric and 
other juices on various kinds of food. 

He swallowed bread sewn up in linen 
bags which after their passage through 
the body showed that the bread had dis- 
appeared—it had therefore been digested 
and absorbed. He then passed on to 
experiments which involved the swallow- 
ing of meat, bone, tendon and cartilage 
in small wooden tubes with a number of 
small holes in them so that the digestive 
juices could gain access to their contents. 
On being passed from the body, the con- 
dition of the material inside the tubes 
afforded valuable information about the 
nature of digestion—a subject concern- 
ing which in Spallanzani’s day there was 
very little accurate knowledge. These 
experiments on himself corroborated 
those on digestion in the lower animals. 

In order to make observations on the 
acidity of the human gastric juice, Spal- 
lanzani did not hesitate to regurgitate 
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aiter a longer or shorter time from th 
last meal. 

The American doctor, John R 
when preparing data for his graduation 


Young, 


thesis at the University of Pennsylvania, 
made experiments on himself (1800 
1803) of the same kind. The title of his 
thesis is: ‘‘ An experimental inquiry 
the principles of nutrition and the diges- 
tive process, ’* He corroborated Spal an- 
zani by showing that istric 
juice is acid, but he thought the acid 
phosphoric, whereas we now know it to 
be hydrochloric; a fact proved a little 
later by an Englishman, Dr. Prout. 
Apropos of the act of deglutition, two 
German about 
years ago devised a long, tube-like, india- 


into 


normal g 


was 


professors thirty five 
rubber recording instrument which one 
of them swallowed so as to give a graphic 
record of what the muscles of the gullet 
were doing during the process of swal- 
lowing first and then liquids. 
They found the exact mechanism was 
not the same in both cases. 

As may readily be supposed, when the 
object of the investigation was the effect 
of different kinds of foods upon the 
human constitution, the investigators 
had no hesitation in eating all sorts of 
things in varying quantities. 

Again, medical students and labora- 
tory servants volunteered to be experi- 
mented upon when Professor Chitten- 
den, of Yale, who was studying the 
effects on human beings of taking much 
smaller quantities of meat foods than is 
usual (what is technically called the 
minimum protein intake) induced a 
number of students to submit to live on 
diminishing amounts of this kind of food 
until the quantity was only one third of 
that usually taken. 

One remembers the fasting men of the 
nineties, the professional Succi, the Ital- 
ian, and the amateur, Dr. Tanner, M.P., 
the Irishman. Each fasted for at least 
forty days. Dr. Tanner is alleged to 
have had no solid food but only water 


solids 
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during his ordeal; the professional had 
an ‘‘elixir’’ of secret composition to sus- 
tain him. Succi allowed a committee of 
physiologists to investigate his case, and 
some important facts in biochemistry 
were thereby obtained. 

One Dutch physiologist has subsisted 
for some days on nothing but oil and 
wine in order that he might study the 
diseased state acidosis which is induced 
by that kind of diet: a good deal of light, 
very much needed at the time, was 
thrown on that condition, which may 
also occur as the result of underfeeding 
and other causes. 

Allied to researches on food are those 
which involve muscular work being done 
so that the effects of food or some other 
variable on the output of energy may be 
studied. Physiologists have devised sev- 
eral forms of work-measurer (ergometer) 
one of which is a bicyele-like machine on 
which the experimenter sits and does 
(external) work, the amount of which is 
registered on a dial. 

But long before the days of geared 
bicycles, two foreign physiological chem- 
ists, Fick and Wislicenus, desiring to 
study the effect of diet on bodily work, 
climbed one of the Alpine peaks—the 
Faulhorn—in order to accomplish a 
measurable output of energy on a known 
amount of certain foods. 

The work done was that of raising 
their bodies through the height of the 
mountain; in fact they ‘‘gat them up 
into the high mountain’’ to ascertain the 
relations of food to bodily work under 
definite conditions. 

The most spectacular case of men ex- 
perimenting on themselves in this line 
of work is that of two American physi- 
ologists, Atwater and Benedict, who con- 
structed what is called a respiration- 
cabinet, a small heat-proof room in 
which they could do measurable work on 
the bicycle and where all their heat was 
absorbed and measured. In this way, 


they ascertained very accurately what 
became of the potential energy of their 
food. 
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Those who study the action of 
kinds of new drugs—the pharmacolo. 
gists—have never hesitated to test on 
their own persons the action of the man) 
substances which they have to investi 
gate. One of the earliest examples ; 
this sort of thing was the foreign physi- 
ologist Purkinje, famous in biology for 
having coined the word ‘‘ protoplasm 
On himself he tried the action of all the 
following—belladonna, camphor, opium 
stramonium and turpentine; and he died 
in his bed! 

But medical men have not hesitated to 
give themselves certain diseases in order 
that some disputed points about thes 
might be cleared up. 

One of the greatest English naturalists 
and surgeons, John Hunter, deliberatel; 
inoculated himself with the poison of 
venereal disease. Hunter wished to clear 
up the confusion which existed in his day 
regarding syphilis and gonorrhea. His 
self-inoculation proved only too success- 
ful from a purely scientific point of view 
for in due time he developed the hard 
chancre of true spyhilis, ever sine 
called ‘*‘ Hunterian.’’ 

There is now no doubt that a great 
deal of Hunter’s subsequent ill-health 
and fatal illness must be directly traced 
to his voluntary martyrdom in the inter- 
ests of exact medical knowledge. 

One of the best known cases is that 
of the son of the late Sir Patrick Ma: 
son, who allowed himself to be inoculated 
with malaria in London and proved that 
climate as such has nothing to do with 
that disease, but that it is communicated 
solely by infected mosquitoes. Young 
Manson was bitten by some malaria- 
carrying mosquitoes ; and in due time d 
veloped typical malaria in England. By 
appropriate treatment he recovered from 
this disease only to die a few years later 
by being accidentally shot. 

As long ago as 1842, when the cause 
of the serious skin disease Favus 
‘*ringworm’’ was not precisely known, 4 
German doctor, Robert Remak, inoct- 
lated himself with a fungus which he 
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suspected of being the one to blame. 
He developed typical ringworm and so 
settled the point in doubt: he named the 
fungus after the specialist on skin dis- 
eases, Schénlein, with whom he had been 
studying in Berlin (Achorion Schén- 
leinii). 

Much nearer our own day, in 1883, 
Pasteur, who had just discovered the 
now celebrated cure for hydrophobia or 
rabies, was quite prepared to inoculate 
himself with that frightful disease and 
subsequently inject himself with the 
curative attenuated virus. Luckily, just 
as Pasteur was about to do this, the 
chance of snatching from death, as he 
phrased it, a little Alsatian boy bitten 
by a mad dog some days before pre- 
sented itself, and so relieved him from 
this operation on himself. Thus Joseph 
Meister was inoculated and lived. 

A most distinguished neurologist, hap- 
pily still living, cut in his own arm one 
of the nerves of his hand in order to 
study the exact order of the return of 
the different kinds of sensation with 
which the hand is endowed. The in- 
formation required, involving as it did 
observation by an educated mind, was 
very difficult to gather from hospital 
patients, and so Dr. ———— cut his own 
ulnar nerve at the elbow and observed 
the phenomena for himself. Full restor- 
ation of all the sensations was not 
brought about for one year. 

As one might suppose, the effects of 
anesthetics were nearly all tried by the 
experimenter on himself before being 
made public. Thus Humphry Davy, in 
1880, inhaled nitrous oxide or ‘‘laugh- 
ing gas’’ on many occasions before he 
ventured to announce the new anesthetic. 
When he did, he suggested its use in ex- 
actly the kind of case in which it has 
proved so useful—‘‘surgical operations 
in which no great effusion of blood takes 
place,’’ namely, in dentistry. 

The experiments of Sir James Simp- 
son with chloroform on himself, his as- 
sistants and relatives are perhaps the 
most celebrated of auto-experimentation 
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in the history of medicine. Miss Simp- 
son, in her vivid and interesting life of 
her father, says that he always tried 
a new drug on himself first; and that on 
one occasion he was insensible for two 
hours from the results of taking some 
compound of more or less unknown com- 
position. 

Simpson tried a great many anes- 
thetics before chloroform was finally 
adopted. 

Dr. George Keith and Dr. Matthews 
Duncan were faithful henchmen in shar- 
ing with their master all the risks of the 
unfamiliar properties of chloroform 

It was in the winter of 1847 that 
Simpson, Keith and Duncan would some- 
times be all under the table at one time; 
and there was no page-boy to loosen 
their cravats. 

We are told: ‘‘ These experiments were 
performed after the long day’s toil was 
over at late night or early morn.’’ Sir 
James’s niece, Miss Petrie—the first 
woman to be put under the influence of 
chloroform—was boldly experimented on 
in the interests of the cause. 

Clark, the butler, too, not only experi- 
mented on himself but on one occasion 


gave chloroform to the cook. His 
method of administering it was evi- 


dently calculated to insure its popular- 
ity, for he mixed it in such ‘‘a richt 
guid willie-waught’’ of champagne that 
that good lady was prostrated in a few 
seconds on the kitchen floor. He had 
to call in ‘‘his master’s voice’’ to restore 
the most important member of the house- 
hold to the consciousness of the light of 
common day. 

The butler took a great interest in the 
chloroform investigations; he watched 
his master trying new and unfamiliar 
substances; but as time went on his be- 
lief in the superiority of chloroform in- 
creased, and on one occasion he adjured 
Professor Simpson with solicitude and 
familiarity : 

‘*Stick to the Chlory, Sir James, stick 
to the chlory!’’ 
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No competent engineer would build a 
bridge or design a locomotive without 
careful and painstaking consideration of 
stresses and strains, of the forees of 
gravitation, of adhesion and cohesion, of 
factors of safety and of a multitude of 
other fundamental factors. To do other- 
wise would be to invite disaster. Like- 
wise, if it runs counter to fundamental 
social forces, no plan for evolving a bet- 
ter social and industrial edifice has a 
reasonable chance for success. Experi- 
ments in industrial management and per- 
sonnel administration constitute inves- 
tigations into the complexities and 


perplexities of social science or of human 


engineering. Obviously, the determina- 
tion of a rational labor policy involves 
the consideration of complicated and 
delicate forces. Nevertheless, nearly 
every person feels entirely competent to 
determine offhand labor policies, polit- 
ical programs and social platforms with 
only the aid of preconceived notions and 
inherited beliefs. Many are the blind 
attempts which are being made to solve 
industrial problems. In most cases, the 
experiments remind one of the man igno- 
rant of the automobile who tries to elimi- 
nate engine trouble by acting along the 
lines suggested by a series of haphazard 
guesses as to the difficulty; but ignorant 
social experimentation is often costly. 
As a rule when attempts are made to 
analyze the fundamental causes of in- 
dustrial strife, the assumption is made 
that the conflict is clearly one in which 
employers and investors are lined up in 
antagonism to the employees and wage 
receivers. The elements of friction are 


assumed without further considerat 

be due primarily to differences in inter. 
ests and points of view of employers 
employees. The socialists and th: 
servatives have accepted these a 
premises. If this view be accurate, t! 
solution evidently must be found 
tempting to discover common interests 
in industrial peace and in mini: : 
points of disagreement; but it nm 
necessary to delve more deeply int 
intricacies of human psychology and 
racial inheritance. 

Recently these other aspects of 
problem have begun to win a hearing 
Bernard Shaw insists that civilizatior 
too complex for the intellect of short 
lived human beings to comprehend 
intelligently to direct and control. C 
lization is likely to be ground to pieces 
by forces of its own generation. Lothro; 
Stoddard has painted a picture o! 
menacing group of undermen. T! 
stein Veblen has philosophized about t 
effect upon man of the machine process 
Arthur Pound has attracted much att 
tion by his interesting analysis of t 
Iron Man and its influence upon Files 
and-Blood men. Mrs. Bruere has 
focussed the attention upon the urg 
spring planting which the uncontrolled 
machine process insists must be 
hibited. And Professor J. M. Clark | 
outlined the ‘‘Empire of the Machin 
—a realm in which human beings 
accepted the rank of servants or 
status of a subordinate class. The 
industrial fabrie is considered to 
web entangling the human race. 7 
latter writer suggests ‘‘that the unres' 
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of labor is not a fight for wages and 
hours merely, but more fundamentally a 
revolt against the bald fact of servitude, 
and that it is at bottom servitude to the 
machine rather than to man.’’ Conse- 
quently it can not be cured by high 
wages, improved working environment, 
shop committees or personnel manage- 
ment—helpful as these may be. From 
this point of view, the industrial struggle 
is either one connected with the grow- 
ing pains of a society which is being de- 
personalized and becoming machine- 
dominated, or it is the death struggle 
of the old society of primitive, ancient 
and medieval craftsmen who knew not 
the machine. 

If the friction in industry to-day may 
be attributed in no small degree to the 
difficulties of adapting man—an extra- 
ordinary complex of instinctive impulses 
—to the regularity, routine and monot- 
ony of the work of a machine tender or 
helper, if it be a conflict due to the pres- 
sure of machine industry and, therefore, 
to the necessity of adapting a roving and 
restless people to the requirements of 
routine and repetitive industry, a quite 
different task confronts human society. 
If the second concept be fairly accurate, 
the industrial conflict is in part a strug- 
gle of human beings against a machine 
or technological system which they have 
built up step by step and which now 
ominously threatens to bring down upon 
their heads the edifice which is called 
civilization. Must man be adapted to 
the machine, or is it feasible to make the 
machine process the servant of civilized 
society? The second aspect of the prob- 
lem is now to be placed under con- 


sideration. 


The primitive man knew little or noth- 
ing of punctuality and routine. He 
hunted and fought at irregular intervals. 
He took little heed of the morrow; work 
was not on his short list of virtues. The 


primitive, ancient or medieval man was 


one 
“avo 


little bothered by clocks, cost accounting, 
efficiency, conservation or machines of 
any sort. Uncertainty, the alternation 
of famine and plenty, leisure to-day and 
strenuous exertion to-morrow, 
idleness to-day and to-morrow the climax 
of a thrilling hunt were typical of the 
long ages of the primitive world in which 


ennul ol 


the great fundamental characteristies of 
human nature were molded. The prim 

tive man constantly faced the world of 
nature. On the other hand, 
tainty, the doing of the same things to- 
day and to-morrow that were done on 
many yesterdays, a humdrum level of a 


relative cer- 


reasonable standard of living, unless the 
The 


uncertainties of to-day in the normal 


job is lost, is to-day ’s portion great 
times of peace are the prosaic and un- 
heroic ones of unemployment and sick- 
ness. The environment of the typical 
city and shop worker is man-made 
paved streets, rented houses, municipal 
water and lighting, commercialized 
amusements, the artificial thrill of the 
melodrama on stage and movie screen. 
The discipline of the machine age runs 
counter to deep-seated impulses, social 
habits and mores. Unrest inevi- 
table. The worship of regular work, of 
work for work’s sake, is a product of an 
age of machinery and efficiency; it is a 
new cult. Irregularity and immorality 
are being tied together. The ultra- 
modern concept that business is the end 
and aim of industrial activity is machine- 
made. From the point of view of human 
beings, business for the sake of business 
is a futile slogan. 3usiness should be 
earried on for the sake of better and 
happier men, women and children, not 
for more and more machines and in- 
vestments. 

Within a comparatively short space of 
time, the machine has gradually assumed 
a dominant position in the world. If to- 
day the machine process ceases to func- 
tion, man is helpless. Man’s dependency 


seems 
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in the centuries preceding the nineteenth 
was upon natural forees—climate, mois- 
ture, wind, flood, drought, change of sea- 
sons and the like. Gradually, but in- 
exorably, the machine and its friend fel- 
low-worker, science, have conquered the 
forces of nature. Only occasionally 
when these forces get temporarily out of 
grasp of the machine and of science do 
the old familiar foes of mankind become 
menacing. 

But, as imperceptibly and as inevi- 
tably, mankind has passed under the 
velvet-covered yoke of the bounty-giving 
clan of the machine. We live where the 
necessities of the machine dictate— 
smoky and dingy Pittsburgh, the repul- 
sive oil fields of Wyoming, the desolate 
sand prairies of Gary, the tenements of 
the East Side of New York City. The 
vast immigration of recent decades is in 
direct response to the call of the machine. 
We get up in the morning, continue at 
work and return home in accord with the 
will and pleasure of the amalgamated as- 
sociation of machines. Man is becoming 
—yea, is—the valet of the machine. The 
leading economists and students of busi- 
ness affairs are studying business cycles 
in order to appease the wrath of the 
‘God of continuous utilization.”’ 

By inheritance, mankind is fitted for 
irregular and seasonal work. Men were 
hunters, fishermen, shepherds and agri- 
culturists long before the industrial age 
appeared above the horizon. Not until 
the nineteenth century was any consider- 
able group of men pried loose from the 
soil and tied to jobs in shops and office. 
Not until after the dawn of the nine- 
teenth century were persistent perform- 
ance and routine exalted to the ranks of 
major virtues among the great masses of 
mankind. The machine process is re- 
sponsible for the respect shown the 
dictum ‘‘that wanderlust and produc- 
tivity have become mutually exclusive.’’ 
Business experts, engineers, bankers and 
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economists bowing to the dictates of th, 
machine process are much concerned 
with the reduction of seasonal and 
cyclical variations in business. On the 
other hand, the biological and psycholog. 
ical inheritance of mankind points to 
ward the desirability of seasonal fluctu. 
ations and variety in industry. 

If, from the engineer’s point of view 
workers are to be adjusted to the re. 
quirements of a highly organized and « 
ficient industrial order, regularity and 
routine must become second nature. 1 
wanderlust, ‘‘the call to spring plant. 
ing,’’ the frequent trips to forest and 
stream must be inhibited. Jungle and 
unutilized river banks must give way t 
the stern demand ‘for complete utiliza- 
tion, and the ideal man of the new « 
will become a sort of animated machi: 
The increasing prevalence of the v: 
tion is a gracious concession on thx 
of the clan of machines to the biologica 
background of capricious and untamed 
men. If, on the other hand, industry lx 
required to yield precedence to men, sea- 
sonal fluctuations in industry will r 
main, industries will be dovetailed, 
regular industry will be encouraged | 
become irregular so as to cooperate with 
seasonal industries. More emphasis w 
be placed upon the development of nor. 
mal human beings. 

Is there hope for man? Can it rea- 
sonably be anticipated that he will domi- 
nate the machine? Or must he be con- 
tent to continue subordinate to the great 
machine clan? Is the new art and st! 
ence of personnel management to 
man to dominate the machine, or will !" 
merely point the way toward a mor 
rapid and peaceful acceptance of mat 
as the machine tender? For years, tht 
conscious and unconscious program | 
been that of adapting man to the requ 
ments of machinery and technolog 
processes. Only, after we have met 
serious obstacles, after civilization is 1 
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danger of being broken between the dis- 
cordant requirements of machines and 
the inherited tendencies of human be- 
ings, and after machinery has obtained 
an almost impregnable footing, has the 
race of men started upon the study of 
social forces, of human interrelation- 
ships, and of the relation of men to 
machines. Can machinery and science 
become tools to produce commodities and 
services for men instead of for the fur- 
ther advancement of the machine age 
and the subordination of men to the re- 
quirements of the machine? 

If man is to be domesticated to the 
machine, what type of man will result? 
If the Iron Man is to win in the struggle 
with the Flesh-and-Blood Man, will the 
fittest to survive be the docile and slug- 
gish machine tender, the mechanical 
engineer, the business man of the Bab- 
bitt type? Are the men of initiative 
who rebel against monotonous work and 
red-tape, who refuse to worship with 
the aggressive group of efficiency experts 
and home town boosters, to be pushed 
to the wall as machine industry moves 
forward triumphantly to conquer new 
fields? The famous humanitarian group 
in pre-Civil War New England went out 
in a blaze of intellectual fireworks be- 
fore the onward tread of the youthful 
factory age. Is this a portent of what 
is to happen wherever the machine ex- 
tends its sway? Is the human intellect 
to become ‘‘machinized’’? If so, if the 
machine be the victor, if the require- 
ments of the machine process are to 
determine the characteristics of the 
working group, then the problems of 
the industrial world are those of adapt- 
ing mankind possessed of certain in- 
herited characteristics to this new ma- 
chine-dominated world. However, this 
seems to run counter to the implications 
of democracy. Universal education and 
the free school system are supposed to 
place emphasis upon traits which are 
very different from the docility required 


of machine tenders. A good citizen in a 
democracy is not a docile, unthinking, 
machine-like creature. 

Business as it is carried on to-day is 
favorable to machines rather than to 
men. Business is carried on in order to 
get more business. 
into industry in order that more ma- 
chines and capital may be produced. 
Capital begets Capital. The great Ford 
business has had a high birth-rate. 
Capital valued at approximately one 
hundred thousand dollars has multi- 
plied with little or no immigration or 
influx of dollars from outside investors 
until it is numbered by the hundred 
millions. This has taken place within a 
seore of years. The annals of human 
birth-rates exhibit no parallels. And, 
in this enormous and youthful machine 
plant or organism, mere human workers 
must obey without questioning the dic- 
tates of the engineers and business ex- 
perts who act as the interpreters or high 
priests of business efficiency. Indeed, 
what is business efficiency to-day except 
conformity to the dictates of the amalg: 
mated order of machines? The ‘‘fool- 
proof’’ machine—with the orderly pro- 
cesses of which the human being can 
only with difficulty interfere—is the 
high-water mark of machine technic. 

The corporation is the acme of im- 
personality. Up to date the large cor- 
poration constitutes the finest token of 
machine domination and of human sub- 
ordination. It is the crest of the wave 
which is submerging the old order of 
men and which is making us slaves of the 
machine process. Men may come and 


Savings are poured 


men may go aS managers, owners or 
wage-workers without in the least affect- 
ing the even tenor of the progress of the 
corporation. The modern trust company 
in its advertising boasts of its superior- 
ity over the human or natural person. 
The preeminence of the machine is 
making the old life of semi-isolation with 
its emphasis upon individual and family 
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traits chiefly a matter of historical sig- 
nificance. Street life, factory life with 
its groups of workers engaged in common 
tasks, the educational system with its 
large classes and units, common and 
standardized amusements, the growth of 
club and fraternity life—all tend to 
mark the members of industrial society 
with a similar stamp. Even the family, 
that stronghold of individualism, is see- 
ing its influence upon child life gradu- 
ally weakened. Medical clinics, hos- 
pitals, kindergartens, supervised public 
playgrounds, the public schools, the 
popular amusement house, the automo- 
bile and the radio are all reaching out for 
functions which were the monopoly of 
the old-fashioned home of the isolated 
pioneer. And, furthermore, the work- 
ing-away-from-home mother and the 
working-away-from-home children were 
unknown in the case of the traditional 
American home. 

Even in the educational world the 
struggle is on more or less consciously 
between those who advocate that the 
youth should be educated so as to make 
for initiative and thoughtful resource- 
fulness and those who would mold the 
youth to fit into the modern machine 
process and business technology as care- 
fully drilled specialists who may readily 
become excellent valets of the corpora- 
tion and the machine. In the world of 
machines, standardization is a word and 
process which is given high rank. Our 
school system has succumbed to the pres- 
sure of machine requirements. Pupils 
are being standardized and regimented 
in an unprecedented manner. The ideals 
of education are becoming deeply colored 
by the machine process. To turn the ma- 
chine into a servant of man may be only 
the hope of a Utopian. Perhaps science 
ean only be the friend and coworker of 
the machine. Nevertheless, if there be 


such a science as social, its function is to 
enable man to regain premiership in the 
realm of industrial institutions. 
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Fortunately, there is plausibility in 
the assertion that the evils of the ma. 
chine process are due in a large measur 
to the ineomplete expansion of the 
sphere of the machine, that industria] 
friction to-day is in a large measure a 
growing pain which will pass away with 
more complete utilization of the machin 
If the present considerable restriction of 
immigration into the United States is 
continued for a few years, a 
laboratory experiment in social science 
may be worked out. Searcity of work- 
ers and high wages furnish an incentive 
to the wide-awake enterpriser to utilize 
more and more machinery. While the 
industrial progress of the United States 
has been hastened and its direction modi- 
fied by the great influx of immigrat 
during the last decades of the ninete: 
century and the opening years of the 
twentieth, restriction of immigratior 
will doubtless hasten further use 
automatic machinery. The Iron Man 
may take the place of the semi-automat 
worker. The fear that machinery neces- 
sarily calls for morons and other low. 
grade workers may prove to be un- 
founded. Adequate development 
machinery may lead to the displacement 
of morons and the lower grades of un- 
skilled workers by automatic machinery 
with skilful operatives and repairmen 
The ‘‘empire of the machine’’ may prov: 
to be in actuality the empire of th 
skilled worker, the trained technician 
and the cultured human being. 

The application of scientific methods 
will elevate many a task from the status 
of distasteful drudgery to that of a skil- 
ful and attractive job. This tendency is 
thrown into clear relief when a contrast 
is drawn between the operator of a steam 
shovel and the wielder of the old hand 
shovel, between the washing of dirty 
clothes by bending over the washboard 
and by means of the electric washer, or 
when a comparison is made of the eng!- 
neer of a central heating plant and the 
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fireman in a small flat. Harness a job 
to machinery, natural forces and scien- 
tific knowledge, and the ugliness is often 
sloughed off. Indeed, a new dignity 
attaches to such work. A large supply 
of unskilled workers helps to tie the 
workers to the machine; the latter sets 
the pace. Limit the supply of unskilled 
workers and the machine is requisitioned 
to do new tasks. The machine then 
becomes the tool of the worker. 

Searcity often gives distinction; it is 
an element in value. It is not unreason- 
able to argue that with increasing 
searcity of workers willing and eager to 
perform menial and unlovely tasks, may 
come a higher esteem for those who are 
willing to perform necessary but dis- 
agreeable tasks. In a large city, the col- 
lection of garbage is an essential occu- 
pation; a scarcity of garbage collectors 
may lead to the ascription of more merit 
and the payment of higher wages to 
those who perform such tasks. 

It is not entirely unreasonable to 
assume that civilization is only on the 
threshold of the age of machinery. The 
machine is introduced very slowly in 
countries where wages are low. Better 
training on one hand for the coming 
generation and a decrease in the number 
of poorly trained or unskilled may lead 
in the next few decades to an unprece- 
dented increase in capital and in output, 
and also in dependence upon scientific 


On 


avi 
methods. Machinery may become in 
truth the servant of an educated man- 
kind. May it not be that the evils in our 
factories and workshops which are at- 
tributed to machinery are in reality the 
result of the partial use of machinery? 
Are not a multitude of 
machine feeders and tenders doing work 
which the machine can and will perform 
if machine 
able to obtain high wages? Imperfectly 
developed machinery makes the 
slave of the machine; but a fully devel- 
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oped machine age emancipates man 
from drudgery and unskilled work. 
The skilled worker may become the 


normal type of American wage earner; 
and opportunities for high-grade posi- 
tions may in the future depend less 
upon a great supply of unskilled work- 
ers than upon an adequate supply of 
capital. The fully developed Iron Man 
can be made the servant of man; tl 
Iron Man may not necessarily be an evil 
spirit condemning hordes of 
humans to routine and drudgery. A 
notable in scientific and pur- 
poseful education may place mankind on 
the threshold of new and alluring possi- 
bilities of productivity, of social better- 
ment and of industrial The 
problem of achieving industrial peace, 
let it be repeated, is one in social me- 
chanics; and it is not Utopian to urge 
that the solution can be ascertained. 


ic 


vast 


increase 


pear ( 


~ 











STUDYING THE SUN IN CHILE’ 


By L. B. ALDRICH 
ASTROPHYSICAL OBSERVATORY, SMITHSONIAN INSTITUTION 


For the past twenty-five years the 
Astrophysical Observatory of the Smith- 
sonian Institution has been engaged in 
a study of the quality and intensity of 
the light and heat given off by the sun. 
Here upon the earth we live at the bot- 
tom of a great sea of air. The sun’s rays 
which reach us after passing through the 
air are very different from those which 
were actually emitted by the sun. The 
various constituents of the air—the 
water vapor, the carbon dioxide, the oxy- 
gen, the dust particles and so on—serve 
to scatter, reflect and absorb the rays in 
varying amounts and permit only a 
much altered fraction of the original 
rays to reach us. Man is not yet able, 
by balloon, by aeroplane or by any other 
means, to investigate directly the solar 
radiation before it has undergone these 
alterations in the atmosphere. All we 
can do is to try to measure accurately 
the rays received here and correct them 
as best we can for the losses they have 
suffered. 

The problem is an exceedingly com- 
plicated one. It has been necessary to 
evolve special methods and special in- 
struments of great delicacy. The work, 
first started about the year 1900 under 
former Secretary Langley, whose name 
stands so high in the world of aviation, 
and continued since his death under the 
able leadership of Dr. C. G. Abbot, 
showed such promise of valuable results 
that it has been carried on with increas- 
ing vigor all these years. Observations 


1 Broadcasted from Station WRC, Washing- 
ton, November 19, 1925; one of the Smith- 
sonian series of radio talks arranged by Mr. 
Austin H. Clark. 


were begun here in Washington, but it 
was soon evident that reliable work could 
not be expected in so impure an atmos 
phere. Expeditions were made from 
time to time to Mt. Wilson and Mt 
Whitney in California, to Hump Moun 
tain in North Carolina, to Bassour 
Algeria, and to other places, in order to 
obtain observations under better sky con- 
ditions. Careful investigation was mad 
to find the proper location for a long 
series of solar observations under t 
best available atmospheric conditions 
Four things were required of the at- 
mosphere: First, that it be as pure as 
possible, free from dust, smoke and other 
impurities; second, that it be as dry as 
possible, because even a small amount o! 
water vapor absorbs great quantities of 
solar radiation; third, that it be as rar 
as possible—which condition could b 
satisfied by choosing a high altitude; 
fourth, that it be as uniform and un- 
changing as possible. The place chose 
as best meeting these requirements was 
Mount Montezuma, on the western slop 
of the Andes Mountains in northern 
Chile. So far as the institution is awar 
there is no place in all the world mor 
favorable for its solar observations than 
this mountain top in Chile. In 1919 a 
station was established there to make 
daily observations of the solar light and 
heat. 

In these observations it is important 
that the instruments be maintained at 
a constant temperature. To this end 
they are mounted securely in the interior 
of a cave dug into the mountainside. A 
mirror arrangement reflects the sun’ 
beam into the cave where it passes 
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STUDYING THE 


through a prism made of special glass. 
The effect of this prism is to break up 
the beam into a spectrum showing its 
component parts. The spectrum thus 
produced is passed slowly across a very 
delicate instrument called the bolo- 
meter. This instrument is essentially an 
electrical thermometer so sensitive that 
it will measure a change of temperature 
as small as one millionth of one degree. 
The bolometer measures and records 
upon a photographic plate the intensity 
of each wavelength in the whole spec- 
trum, from the ultra-violet through the 
visible light and including the infra-red 
or invisible heat rays. Simultaneously 
with the taking of this bolometer record, 
the observers are busy with other instru- 
ments. One of these instruments mea- 
sures in calories the total radiation being 
received at the station. Another mea- 
sures the brightness of the sky in a defi- 
nite zone around the sun. These instru- 
ments were also designed and built at 
the Smithsonian Institution. A fourth 
instrument measures the altitude of the 
sun, from which we can determine the 
length of the air path through which the 
rays came. 

Having taken at least five sets of ob- 
servations at intervals during the morn- 
ing, the observers must develop, wash 
and dry the photographie plate which 
contains the bolometer record. Then 
with another instrument of special de- 
sign the plate is carefully measured. 
After several hours of computing the 
reduction of the day’s observations is 
completed. So improved are the instru- 
ments and methods, however, that one 
man can take and reduce a complete set 
of observations in one day, whereas for- 
merly two men would require at least a 
week to obtain a similar result. The 
final result of a day’s work is a number 
called the solar constant. It represents 
in calories the total radiation from the 
sun which would reach the earth per 
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unit of surface if there were no at- 
mosphere. 

Unfortunately for the men who do the 
observing, the most favorable place for 
solar study is otherwise most unattrac- 
tive and desolate. A more dreary 
monotony both of landscape and climate 
would be difficult to find. 

In January, 1923, it beeame my duty 
to take charge of this station and to 
occupy it for two and one half years. 
Imagine, if you will, this mountain top, 
10,000 feet above sea level, in the heart 
of the great desert of Atacama. This 
desert, over whose surface is scattered 
the peculiar deposit which yields the 
widely known and valuable nitrates of 
Chile, is often referred to as the most 
desolate desert in existence. In this 
desert are found rich deposits of copper 
and other metals. It is a curious fact 
of nature that here where nothing of 
value is found above ground an unusual! 
abundance is found below the ground. 
To reach our station one rides all day in 
a curious narrow gauge train winding 
its way up to the gradual slope from the 
port of Antofagasta. All day long as 
far as one can see on either side there is 
no sign of life, neither animal nor vege- 
table. The sun shines with astonishing 
brightness from a cloudless sky. Occa- 
sionally the train stops at a nitrate of- 
ficina or shipping point for the crude 
nitrate gathered from the soil. At night- 
fall we reach Calama, an old Indian vil- 
lage and probably a southern outpost of 
the old Inca civilization. Here we dis- 
embark and drive our auto out into the 
desert, winding upward to the top of 
Montezuma. In this desolation, with no 
living thing, plant or animal within a 
radius of twelve miles, the Smithsonian 
Institution has its solar station. Here 
on the northern slope the great cave for 
instruments has been dug and a smal! 
shop and house built for the observers. 
Here, with his small family and one 
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assistant, the observer lives, Robinson 
Crusoe-like, in primitive fashion save 
for such comforts as he can install with 
his own hands. All supplies including 


water he must bring by auto from 
Calama. Here he must work out his own 


problems, surrounded by a maximum of 
monotony and desolation. The view on 
all sides is an unchanging, rolling desert 
broken only by the grandeur of the high 
Andes in the background to the east. 
Over twenty of these snoweapped peaks 
are visible, one of them a smouldering 
voleano whose smoke we could occasion- 
ally see. The weather is even more 
monotonous than the view, for each day 
is a repetition of the previous day. A 
cloud in the sky is very rare—rain, even 
of a few drops, is almost unknown. The 
sun shines with a brightness we never 
experience here. The air is so dry that 
one’s lips and hands are chronically 
chapped. Each day is warm, each night 
is cold, often down below freezing. Each 
morning is calm, each afternoon there is 
a strong westerly wind subsiding at 
sunset. 

One would naturally wonder how life 
could be made bearable in such environ- 
ment. We found it not only bearable 
but full of interest. There were even 
advantages we do not have here. There 
were no flies, no insects, nor unpleasant 
creatures of any kind. We were free 
from the annoyance of disagreeable 
neighbors and lived our lives as we 
chose, unhampered by the conventions 
and obligations of city life. The official 
work of the observatory of course occu- 
pied the larger portion of our time. Our 
spare time was devoted to improving our 
living conditions. Many a thrill of 
pleasure we experienced as we settled 
down to enjoy some comfort we had 
made ourselves. One innovation in par- 
ticular pleased us. We brought down 
with us an ordinary farm windmill, 
mounted it at the very top of the moun- 
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tain and attached an electric generator 
to it. Thus we harnessed the daily after 
noon wind, charging storage batteries 
which furnished electric light and power 
sufficient for all the needs of the station. 
That windmill is still faithfully perform- 
ing its duty of supplying the comforts 
of electricity to my successor in Chile 
We were fortunate in having also such 
luxuries as a piano, phonograph and 
many good books, and since my return 
a radio has been installed with which it 
is hoped our observers will be able to 
listen in on North American programs 
Some drawbacks there were in the desert 
life, more particularly in the lack of 
variety in food and in the lack of proper 
medical and dental attention. But taken 
all in all, we look back upon our desert 
life as full of interest. Our frequent 
contacts with the inhabitants of Calama, 
mostly Bolivian and Chilean Indians, 
picturesquely dressed in homespun 
clothes, the women in huge gathered 
skirts of bright colors (we were authori- 
tatively told their skirts measured ten 
yards around the bottom), the men 
wearing sashes and gay-colored ponchos, 
the droves of llamas bringing down thx 
llareta, a peat-like moss from the high 
Andes universally used for fuel, the 
scrupulous politeness of the natives, the 
curious mixture of quaint Spanish and 
Indian dialect they spoke—all these 
things were impressed on our memories 

I must not fail to mention the great- 
est asset we found there. Mr. and Mrs. 
Drummond, a typical Seotch couple who 
have lived for many years in the quaint 
little village of Calama, took a great and 
intelligent interest in our work. They 
did all in their power, in innumerable 
ways both great and small, to add to the 
comfort of the observers as well as t 
further their work—and all without ex- 
pectation of reward. To find such 
friends in such a place did more to en- 
courage us than any other factor. 
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We may well ask, of what value is this 
study of the sun in such a place? In 
addition to the purely scientific view- 
point—of adding to our knowledge of 
solar radiation—there is another factor 
of importance to us all. The so-called 
solar constant is shown by our observa- 
tions to be not a constant but to fluctuate 
irregularly from day to day through a 
small range. It is surely reasonable to 
assume that this daily variation must 
have some effect, however remote and 
however complicated the process, upon 
the weather here upon the earth. The 
promise which our work holds, namely, 
of adding a new element to the present 
means of forecasting weather, is of inter- 
est to all. The Weather Service of the 
Argentine government has for several 
years used our Montezuma results, which 
are cabled daily to Buenos Aires, and 
finds them of value in improving their 
weather forecasts. In recent months the 
Montezuma values have also been cabled 
in code to the Smithsonian Institution. 
They are being used by Mr. H. H. Clay- 
ton, a prominent meteorologist, in a 
study of the correlation between our 
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solar values and the known weather con- 
ditions about New York. This study also 
has already made encouraging progress 
In so complicated a research, even the 
best of skies, of instruments and of ol 
servers fail to produce perfect results 
We are constantly on the alert to im 
prove them. But the biggest aid to 
better results would be the establishment 
of a series of stations in wid y sepa 
rated places, under the best sky condi 
tions, all carrying on the same line of 
observations. To this end, the Smith 
sonian has a second station at Table 
Mountain in southern California. And 
but three weeks ago our director, Dr. 
Abbot, left on a six months’ tour of the 
eastern hemisphere in search of the best 
location for a third station. This third 
station is made possible through the co 
operation of the National Geographic 
Society. With these three stations, on 
in the desert of northern Chile, one in 
southern California and one in the best 
location to be found in Asia or Africa, 
we hope and confidently believe the 
Smithsonian Institution will produce 
results of great value to mankind. 











WHY DON’T WE FLY? 


By Dr. EDWIN G. DEXTER 


Four or five years ago it was confi- 
dently predicted that by this time aero- 
planes would be as common as flivvers; 
that we should be commuting by the air 
route and taking our afternoon recrea- 
tion in clouds other than those of dust. 
But are we? And if we are not, why 
not? 

Mechanically, aeronautics have ad- 
vanced according to prediction. The 
continent has been spanned with the sun. 
Our triad of planes has rounded the 
globe in its triumphal march. Our mail 
is going from coast to coast on a thirty- 
hour service. Commercial air routes are 
in successful operation all over Europe 
and in some portions of our own country 
with a hazard to life and limb not much 
in excess of that of terrestrial travel. 
But after all, the thing has not taken 
hold. Why is it? 

I have yet to see discussed in print 
what seems to me to be the real cause. 
The mechanical difficulties can be sur- 
mounted, those of the plane itself, those 
of landing fields—they are easy. But 
how about making over in a single gen- 
eration, or even in many generations, a 
terrestrial animal into a celestial being? 

Since the commencement of organic 
evolution, we and our ancestors, nobody 
knows how many generations of them, 
have lived on solid earth and we feel 
safe and at ease there and nowhere else. 
We are accustomed to travel there. It is 
true that from the ox-cart to the auto- 
mobile the rapidity of terrestrial travel 
has been increased many fold, but the 
change is after all quantitative and not 
qualitative. Even though the first time 
we made fifty miles an hour in an auto- 
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mobile we were a little worried, time 
cures that and it is not long before w 
accept it with equanimity, because w: 
are just as near terra firma as we wer 
in our buggy days. But it is very differ- 
ent a few thousand feet up. I know, 
because I have tried it. 

For some months I was in such rela- 
tion to a government department as to 
have air service at my disposal whenever 
needed for official duties. I was up a 
dozen times at least, and perhaps twi: 
that number. I didn’t keep track. | 
pretended that I enjoyed every minute 
in the air, but I didn’t. I kept on to se 
if I wouldn’t enjoy it after a while, but 
I didn’t; and when my wife, who had 
by the way never made any objection t 
my flying, asked me if I didn’t think my 
obligations to the family would justify 
me in accepting a little slower and safer 
method of transportation, I was glad of 
the excuse to stop flying. I have never 
been up since, and I am never going up 
again unless it be in line of duty. 

Don’t gather from what I have said 
that I was ever frightened while in the 
air. I was not. But I never experi- 
enced the restful feeling there that | 
enjoy. The real difficulty with me, how- 
ever, and what I feel is going to be the 
difficulty with the air commuter if | 
ever comes, is not while in the air, but 
while out of the air. I think I never 
decided that I would make a flight th 
next day and enjoyed the rest of the 
evening. I never tried a thermometer or 
a blood pressure machine at such times 
but I believe if I had every record would 
have been abnormal. 

I remember twenty-five years or mor 
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ago when living on the western plains 
that I had two ponies, one of which I 
always rode when I tried, while the other 
I sometimes did. The latter was named 
Rattlesnake. I tried to ride them alter- 
nate days. I enjoyed every second of the 
time after I got one foot into Rattle- 
snake’s stirrup, whether I stayed on or 
not, and the seconds went fast. On 
alternate evenings I had nothing on my 
mind. Those were the evenings after I 
had ridden Rattlesnake.. After a while 
the thing got on my nerves, and Rattle- 
snake got lost. I tried every possible 
way to find him (which I was sure would 
not succeed) and let all my friends be- 
lieve that I was heartbroken at losing 
him. 

And mark my word, the first com- 
muter by the air route, yes, and the sec- 
ond and the third, and nine out of ten 
if there ever be that many, will let his 
aeroplane get lost or out of running con- 
dition within three months. He will 
probably seem to be just as sorry about 
it as I seemed to be at the loss of my 
pony, while in reality he will be just as 
sorry as I was and no more. But he will 
travel the land route again just the 
same. You can’t make a man feel at 
home as a bird. 

I do not mean that aeroplanes have no 
place with non-professional flyers. Prob- 
ably four people out of five can get up 
courage enough to make a flight. They 
will lord it over the rest who have not, 
congratulate themselves on their courage, 
tell their friends that they liked it, and 
make up their minds down deep in their 


| hearts that they will never go again. 


The other one is obsessed with the ‘‘ fear 
of the abyss’’ and you couldn’t hire him 


| to go up under any circumstances. I 


have personally known a good many 
aviators, but have yet to find one who is 
not looking forward to the time when he 
can give up flying. There probably are 
some who do not feel that way, but I 
have failed to meet them. Where are 
the pioneer flyers whose obituaries you 
have not read? They are on solid earth, 
most of them, and you couldn’t pry 
them off. 

And the worst of it is—if my thesis 
be correct that the insurmountable 
obstacle to popular flying is psycholog- 
ical—that there is no solution to the diffi- 
culty. The hazard of flying, though 
comparatively slight, is sufficiently great 
to blot out the flying strain. Doubtless 
the aviator who sticks to it for any 
length of time possesses an inherent 
tendency which if perpetuated would 
develop a breed of flyers. But he is the 
very man that aviation annihilates 
sooner or later, without perpetuating the 
tendency. Doubtless, too, sexual selec- 
tion enters in. It seems probable to me 
that the girl who felt it would be just as 
easy to fall in love with a broker of her 
acquaintance as with a lieutenant of the 
air service, would, for prudential rea 
sons, give the broker the inside track, 
though this might not be true for the 
extremely romantic type. 

We shall perhaps always find men 
approximately of the Lieutenant 
Maughn type to man our air service, and 
there will be enough of us who haven’t 
yet experienced the ‘‘ten foot feeling’’ 
which comes from having braved the air 
at least once, to maintain a fairly pros- 
perous commercial aviation. But don’t 
buy stock in the Aerial Flivver Com- 
pany. You will lose if you do. 








A NEW MECHANICAL PHONOGRAPH 


By HENRY C. 


MEMBER OF THE TECHNICAL STAFF OF 


Sounp is probably the most powerful 
means of conveying emotion. With all 
due respect to the printed page, sound is 
probably the most common means of 
conveying ideas. Furthermore, sound is 
one of our most useful sources of infor- 
mation, as witness the automobilist lis- 
tening to the engine or the doctor listen- 
ing at the chest of his patient. 

To make the fullest use of all these 
experiences, it is of great advantage to 
be able to reproduce sounds at will. Up 
to a generation ago, the only method of 
recording sound was by means of vari- 
ous alphabets and systems of musical 
notation, the reproduction depending 


wholly upon the skill of readers or musi- 


cians. A first step towards meeting the 
need for a better and more direct method 
of recording and reproducing was made 
in 1877 by Thomas A. Edison’s invention 
of the phonograph. During the nearly 
fifty years intervening between this first 
invention and the present phonograph a 
great deal of effort was put forth to im- 
prove reproduction. This effort for the 
most part took the form of trying mul- 
tiplied experiments, results being judged 
by ear. Even in the hands of very able 
men this method is quite limited in what 
it can achieve, especially when used on a 
complex problem such as the phono- 
graph where there are literally millions 
of possible combinations of parts. 

The method of multiplied experiments 
was successful in raising the quality of 
phonographie reproduction to a high 
level but one which still fell far short of 
perfection. Telephone research work led 
to the recognition that a phonograph is 
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a wave transmission system, and that t 
requirements which each part should 
meet can be determined mathematically, 
This has tremendously reduced 
amount of experimental work requir 
as it is now only necessary to find prae 
tical ways of making individual part 
whose requirements are fully know 
The use of this method has given u 
phonograph of a very much higher k 
of quality with the prospect of practic 
perfect reproduction in the future 
making the fullest use of the method 
has been necessary to develop apparatus 
for measuring sound output and appara- 
tus for measuring mechanical impedance 
The new phonograph is an illustration 
of the use in one field of science « 
methods and knowledge developed in 
quite a different field. It represents the 
application to the phonograph of mathe- 
matical methods developed primarily for 
the design of telephone transmission 
lines and filters. In the early days the 
theory of electrical wave transmission 
was commonly explained in terms 0! 
analogous mechanical systems, and now 
reversing this process, telephone trans- 
mission theory has been used to design 
the mechanical wave transmission sys- 
tem of the phonograph. It may not be 
evident at first glance that mathematica 
equations worked out for electrical! sys- 
tems may be applied to mechanical sys- 
tems with merely a redefinition of the 
constants. If, however, the equations for 
analogous electrical and mechanical! sys- 
tems are worked out and compared, the’ 
are seen to be identical in form and t 
differ only in their constants. This rests 
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fact that energy obeys the same 
hether it the electrical or 
ical form, and that the character- 


be in 


a system for the transmission of 
nergy depends upon three factors: 
rgy storage elements, its energy 
tion elements and their arrange 
The two common types of storage 
] 


ts of an electrical system are in 


ees and capacities, and for m« 


al Ss) stems the corresponding sto! 
ements are and compli 
popularly 


rly, the one common type of dissi- 


masses 


termed flexibilities 


tion element for electrical energy is an 

ectrical resistance and the correspond- 
feature in the mechanical System is 
echanical resistance. <A list of simi- 

rrespondence follows: 


Mechanical 
Force = F 
Velocity =v 
Displacement = s em 


} 


Mechanical ohms 
dyne secs/em 


Impedance 


Resistance =r dyne 


secs /em 


Reactance = x dyne secs /em 


Mass = m 


gms 


Compliance = ¢ em/dyne 


using this list of corresponding 
mstants a known electrical equation 
iy be readily converted to an analo- 
gous mechanical equation. 


The new phonograph exclusive of the 


orm is as a wave transmission system 
filter 


analogous to a low 
electrical 


es a diagrammatic picture of the phys- 


pass 


pe of system. Figure 2 


| parts and Figure 3 gives the elee- 

equivalent showing how the parts 
re related as a wave transmission sys 
tem. It will be seen that the record acts 
$ an approximately infinite impedance 
generator and the needle point 
shunt compliance. 


as a 
The needle arm acts 
Sa transformer and also as a series 
ymplete explanation o 
din a 


matter may 
preset d at the Mid 
the A. » E., Febru 


paper 
Convention of 


1926. 
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mass and the ni 


plianee which 
actS aS a seri 
shunt compliane 

as a series ma 

} 


compliance ‘chamber a 


shunt eompli 
former and 

ing impedanes 
queney cut off is a 
energy generated 
through the 
the diaphragm, to the 


In 


needle 


needle arm to 
horn 
ore 


the air trave 


the 


Ing trom 


arm to the 


+} ; 


ereased in roree, 
a step-down transforme 
changes 


phragm the wave energy 


its form as the vibration of masses 


Resistance R 
Reactanes X 
Inductanes L, 
Capacity 


springs to vibrations of the air or sound 


In going from the diaphragm to the horn 


the total pressure of the sound waves is 
that 
transtormer. 


wave energy in 


decreased. is. this 1s a ste p-dow! 
Thus it is seen that the 
from the needle 


the 


its travel 


point to the mouth of horn 


Dasst ~ 
ons 


through a complex series of variat 


and transformations and all of these 
must be accomplished without loss or dis 
tortion and that 


and music 


for the whole range of 


Math 


and 


tre aug nel S 


voice 
studies of telephone lines 
shown that a 
the 


whole 


matical 
filters 


transmission 


have 
such wi 
the 
range of frequencies without distortion 
First, the 


system as phonograph 


transmit voice and music 
if three conditions are met 
parts of the system should be arranged 
to form repeated filter sections: second, 


the magnitude ot the se quantiti Ss should 
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SECTIONAL VIEW OF HE FO! 


SHOWING THE AIR PASSAGE, 


On the new phonograph, not only is a 
satisfactory range of frequencies repro- 
dueed but it is reproduced without par- 
tiality, that is, without regions of exag- 
gerated loudness or weakness. We are 
all familiar with such examples of par- 
tiality as the resonance of an empty 
room or the sound that one hears when 
one speaks with his head in a rain bar- 
rel. These changes in quality are, tech- 
niecally speaking, changes in the distribu- 
tion of sound intensity with frequency. 
All speech and music are made up of 
simple sine frequencies, that is, simple 
flute-like tones of various pitches and 
various intensities, the various vowels 
being distinguished not by the funda- 
mental but solely by the distribution of 
intensity among the overtones. Because 
elements of speech have this character, 


one may speak into a resonato 
a barrel of just the right size 
that although he speaks one vow 
ferent one is heard. A phonogray 
the same peak will make t] 
change. 

In appearance the new phx 
with a sound box, tone arm an 
not unlike ordinary types as sl] 
Fig. 6. The sound box, ton 
the horn are designed as pal 
mechanical transmission — syste! 
this has led to several new 
For example, the sound box uses 
type of diaphragm. 

In order that the vibrator 
shall pass without reflection lo 
diaphragm to air chamber, the dia 
must be very light—.0017” du 
is used. But thin duralumin has ; 
lic rattle when vibrated. To elimi 
rattle, the diaphragm is corrug 
over with such close spacing betwee 
rugations that the flat portions a 
natural periods well above thi 
of speech frequencies. The cent: 
thirds is corrugated in concent 
to stiffen it. Between the stiffen 
tral area and the clamped edge 
tial corrugations are used to attair 
results. First, rattle is elin 
second, the annulus is made mo! 
ible; third, large amplitude of \ 
without distortion is made 
fourth, neither the flexibility 
uniformity is destroved by a slig 
ing of the diaphragm in or out an 
solid clamping can be used eve! 
surfaces that are not perfectly 

Another special feature ot 
phragm is the method of driving 
number of points by a spider. 


tral portion of the diaphragm is! 


move as a plunger by driving 

points on a cirele near the bow 
the stiffened area. The six legs 
attach to the diaphragm are m: 
ible in order that the spider and t 
phragm shall not vibrate togeth« 
masses adding, but in sequence 
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e spider is another section of 
hanical transmission system 
Another special feature of the sound 
0X is the needle arm bearing. Ordinary 
e bearings are not of sufficiently 
gh elasticity as fulerums and the rota 
tional elasticity as well as the rotational ther 
tion is undesirably large. A con- to prevent peal 
truction which has been found to meet 


ese requirements is a ball bearing with To reproduce 


he steel balls held in position by mag ‘veles with 


region ol rep! 


etism. diaphragm 


I 


The other feature which distinguishes 


required. Thi 
new phonogra 


ph is its horn, shown horn 


figure 6. This differs from those or 


arily used in two important respects 


is Of logarithmic design, 7.¢., its 
rea Increases by a uniform per cent. for a st 


Standar y 
ch inerement of length and it has a_ It will be noticed 
h opening adjusted to its rate of 

The advantage of the logarithmic 


mo is alwavs bent 
I facilitates — sl 


» is that for a given volume of horn folding 
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THE STERLING MEMORIAL LIBRARY OF YALE UNIVERSITY 
ANS tor Yale’s new monumental  odicals 
i¢ library, designe: house 5.000. 
' volumes, and to be 
morial to the lat 
nent Yale graduate 
is64. at an estimated cost of $6,000,000 


wided by the trustees of the Sterling 


state, have been pre pared The Sterling 
Memorial Library has been designed not 


lv to give immediate 
oper use ol Yale’s priceless 
books, accumulated during 
turies and a quarter, 
niversity ’s library needs 
indred years 
{ 


| that the construction 


It is expected , 
e building will be completed two | 
rom now It will then probably be the 
argest and best planned university li 
brary in the world and its special set 
vices and conveniences will be unsu 
assed. The architect is Mr. James Gam 
Rogers. ot New York In outwa 


appearance the new libra 
nize with the Harkness UU 
Memorial Quadrangl , whi 
work of Mr. Rogers. Andrew Keogh, 

that th 


1 
also t 


brarian of Yale Univers tv, Savs 


] +4 ss . ] 
the university a build 


plans will give 
ing as efficient as an up-te 
ind as beautiful 
stipulations given 
good light, flexib 
provide for ehal 
ort, quick service 
ng atmosphere 
building 2.000 readers in 


In the new I 
I] may be seated at one time All the 

n reading rooms ar o be on the 
reet level. When the building is 


pened there will he available 1.600.000 


umes, besides more than 10.000 perl 
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EDWARD SYLVESTER MORSE 
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KS Wil be avallabl 
lrews Loan Library 
ks mav be borrowed for a vear 


he here The librarian. 


EDWARD SY 


PROFESSOR Morse was born in Port 
d, Maine, and died at Salem, Mass 
December 20, 1925, n his « ight? 
ar Hi ained remarkabl 
vsiea and intelleetua vigor ink 
ved tennis until recently and contrib 
ited to THe Screntiric MONTHLY, 
October, 1925, an important artiel 
shell mounds An obituary notice by 
Professor Morse’s life-long friend, D1 
W. H. Dall, has apy 1 Scrence and 
rom this we quote 
Like most naturalists Morse earl 


showed an interest in natural history, 
amassing a notable collection of shells at 

age of thirteen, and what is less 
common, he developed unusual artistic 
ability He made for Dr. William 


Stimpson numerous admirable drawings 


living mollusks of the Maine eoast 


In PS59 he became one ol Louis 
\gassiz's special students at the Mu 
seum of Comparative Zoology, where he 
pursued his studies until LS62 when he 
published his first paper on brachiopods, 
a subject to which he later made notabk 
contributions. His first paper to attract 
particular attention was devoted to 
some minute landshe lls of Maine, illus 
trated by his own drawings 
In 1871 he became protessor ot com 
parative anatomy and zoology at Bow 
doin, remaining until 1874, and also gave 
a series of lectures at Harvard. In 1876 
he was elected a member of the National] 
Academy of Sciences and the following 
went to Japan, -led chiefly by the 
ot studving the Japanese brachio 
in which that region is so rich 


received the appointment of pro 
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DR. SAMUEL C. LIND AND DR. HUBERT WORK 
Dr. LIND, ON THE RIGHT, ASSOCIATE DIRECTOR OF THE FIXED NITROGEN RESEARCH LABORAT* 
EXPLAINING TO Dr. WORK HIS EXPERIMENTS ON HELIUM. THE NICHOLS MEDAL IN CHEM 
FOR 1925 HAS BEEN AWARDED BY THE NEW YORK SECTION OF THE AMERICAN CHEMICAL 50 


ro Dr. LIND FOR HIS WORK ON THE CHEMICAL ACTIVATION OF ALPHA PARTICLES. 
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NITROGEN FROM THE AIR 


Fixed Nitrogen 
which Dr. F. G 
and Dr. C. S 


HE United States 

earch Laboratory, of 
trell is the 
d the 


raged in studies of 


director 
director, 


associate 


Is actively 


methods of obtain 


from the air, which ean 
Muscle Shoals, 


nitrogen 
utilize the vast energy of 
control ot the 


whieh is still under the 


United States government An artiel 
by Dr. Cottrell in Tm 
MoNTHLY for September, 1925, deseribes 
methods A 

Service 


SCIENTIPFI( 
recent bulletin of 
that 


erops and factories use nearly $75,000, 


1 
these 


Scvence states American 


000 worth of nitrogen in one form or 
another each vear, and over $50,000,000 
of this comes from abroad, chiefly from 
Chile. Other fertilizer 
from factory wastes or as ammonia in 
liquors distillation in the 
making of gas coke The rest is made 
synthetically from the nitrogen in the air 


kinds come as 


from coal 


by chemical means. 

In 1925 the world used 857,000 tons 
of the element nitrogen, exclusive of that 
occurring in animal products or foods. 
Of this amount 44 per cent. comprised 
the nitrogen in the output of Chile salt 
peter, and 56 per cent. was fixed 
nitrogen. 

A monopoly of nitrate producers con- 
trols practically the entire output of the 
Chilean fields. The government of Chile 
isa party to the monopoly and puts a tax 
of $12.34 on every ton of nitrate that 
leaves the country. At present, the price 
of the nitrate, artificially boosted by the 
tax, sets the standard for all synthetic 
nitrates and fertilizers. 

It is believed that when the methods 
for getting nitrogen from the air 
further improved and more commonly 
used, synthetic nitrogen products will 
turn the tables on the Chilean fields. Re- 
cently discovered means of getting nitro- 


are 


gen from the air where it exists in un- 
limited quantities and in an elusive form, 
have become of vital importance in peace 


and war By Tre mie 
from Chile bet 


he United States might « 


freed hers 


result 


+ ; + 
ea at 


cent 
tiful supply 

air and there 

it possible tol 

to meet the demands ot 
population of the world, wl 


turbing the sleep of 


many 
economist Ther s almost 
improvement in ag 
The Department of Agriculture poi 


out that in 1925, out of the 


room tor 


forty odd 
planted in cotton 


fertilized 


lions of acres 
about 36 per eent. are 


‘What is 


problem in the 


done with the nitrog 
next ten years wil 
far to determine American standards of 
living,’’ aceording to a statement of Dr 


Harry A 


nitrate division of the U. S 


Curtis, former chief of the 


De partment 
ot Commeres ‘Unless relatively cheap 


fixed nitrogen can be supplied to agri 


eulture each | 


acre will produce smalle1 
crops while our population will continus 
to get larger.’’ 

Although the processes for getting } 
from the air are less than twer ty 


the \ 


trogen 


vears old already give the world 
each vear an amount greater than tl 


Phere 


hooking up 


shipped out of the Chilean fields 


are possibl WAVS OT! 


many 
the obdurate atmospheric nitrogen wit] 


materials on earth, but only thre 


these ways are actually used 
The simplest of these is the el 


Nitrogen is 


combine with oxygen by 


induced 
the 


electricity The nit 


are process, 
powerfu 
stimulant of 
oxide formed is passed through huge ab 
with 


dilute 


sorption towers where it reacts 


water and more oxygen to torm 


nitrie acid 


Tl { proce SS } AS he Chl SUCCESS 
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ful in Norway, but the exceedingly high The synthetic ammonia process 
electric power requirement has pre- newest of the three methods of 1 
vented its use in most other countries. fixation, was not known outside o 
In the eyanamide process, which was many when the world war begar 
first used in Italy, nitrogen is trapped day, however, there are many 
as it passes over finely powdered cal- based on the same prineipl Phe 
cium earbide heated to about 1,000 de neer Haber process was worked 
grees. It becomes chemically fixed into mostly by Fritz Haber in German 
solid calcium cyanamide which can be tween 1905 and 1908. The prine 
easily changed to ammonia gas or nitric volved has been ealled the most 
acid. The raw materials needed for reaching accomplishment of eh 
makine the ealelum earbide are coal and engineering. A properly proport 
limestone, and the energy required is mixture of nitrogen and hydrog 
only about one fourth that needed for is passed over a catalyst, a subst 
the are process It was found that eal- that by some seemingly magic intl 
ecilum cyanamide could be put directly can make two unwilling elements 
into the soil as a fertilizer. This stimu- chemically toward one anothe 


lated production, and in 1913 there were combination forms ammonia Hy 


already nine producing countries mak produced, and not absorbed. dunt 


ing 172.000 tons of the substance The reaction and the more the Tempe 


production is about four times as ereat is kept down and the pressur 


to-day more ammonia is evolved 


A CHILD’S ANATOMY 


( hild to doctor who ts making lona a ui careful examination 


ING TO FIND MY TUMMY IT’S ON THE OTHER SIDE.”’ 





